Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



t^>> 




\ 



,Pf/ 



i 



steel in Construction. 

CONVENIENT RULES, FORMULAE AND TABLES FOR 

THE STRENGTH OF STEEL SHAPES USED 

AS BEAMS, STRUTS, SHAFTS, ETC., 



■' ' ' ! • 

MADE BY * " • "^ • 



THE PENCOYD IRON WORKS. 



A. & P. ROBERTS COMPANY, 

PHILADELPHIA, PA. 



STEEL DEPARTMENT, 

MANUFACrrURERS OF OPEN HEARTH STEEL SHAPES, BARS, FORG- 
INQS, SHAFTING, AND HAMMERED AXLES. 



BRIDGE AND CONSTRUCTION DEPARTMENT, 

DESIGNERS ^ND MANUFACTURERS OF BUILDINGS, BRIDGES. 

VIADUCTS, TURNTABLES, ETC. 



TWELFTH EDITION. 
1900. 



m 



PENCOYD IRON WORKS 

A. & P. ROBERTS CO. 



PHU^ADXXPHIA, PA. 



MAIN OFFICE, 

261 S. Fourth Street, Philadelphia, Pa. 

BRANCH Offices: |^^ Broadway, New York City 

(27 State Street, Boston, Mass. 



Agencies : 

BALTIMORE— R. C. Hoffman & Co., Equitable Building. 

CLEVELAND-nJ. F. Corlett, Perry Payne Building. 

CHICAGO-^ulian L. Yale & Co., The Rookery. 

ST. LOUIS— Good & Waterman, Security Building. 

MONTREAL, CAN.— Jas. W. Pyke & Co., New Merchants* Bank 
Building, 205 St. James St. 

NEW ORLEANS— Lukens Iron and Steel Co., 626 S. Peter St. 






w- 



COPYSIOUTSD, 1898 



PREFACE. 



Two years have elapsed since the eleventh edition of 
this book was issued. During this time the contents have 
been revised, some minor errors corrected, and a few sec- 
tions added to the lists. 

The text and tables have, as in former editions, been 
very carefully prepared under the supervision of Mr. 
James Christie, and, we trust, may be of value to all who 
have occasion to use the products of the Pencoyd Iron 
Works. 

A. & P. ROBERTS COMPANY. 

Pbncoyd, Pa., June 20, 1900. 
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Rolled Shapes of Steel. 



PART I. 



TABLES OF DIMENSIONS. 

The lithographs and following tahles give the principal 
dimensions of the standard shapes of structural steel rolled 
at Pencoyd. 

Beams and channels are rolled of the sizes and weights 
given in the lithographs and tables. The weights vary for 
the larger sizes by 5 pounds per lineal foot and 2} pounds 
for the smaller sizes as low as 4 inches. The standard sec- 
tions of beams and channels have a uniform flange bevel of 
2 inches to the foot. 

Angles can be rolled of any thickness between minimum 
and maximum. Weights corresponding to the principal 
intermediate thicknesses are given in tables on pages 8, to 
11 and V\,' The legs of angles may increase slightly in length 
as the thickness increases. This sometimes causes angles of 
heavy sections to vary from the calculated weights. There- 
fore orders should specify either the desired thickness or 
weight per foot) but not both. 

Tee sections cannot be altered from the standards as given 
in tables and lithographs. 

The weights of all rolled sections are for steel only, which 
is now the exclusive product of these works. The tables are 
all calculated on a basis of 489.6 pounds per cubic foot, or 
3.4 times the sectional area in square inches equals the 
weight of rolled material in pounds per lineal foot. 



PENCOYD BEAMS. 



Bevel of flange 2 inches 
per foot. 




i2e: 



Dimensions in inches. 




Section 


Size 


Weight 
Pounds 


Area 


















Num- 


of 


of 


IT, 


F. 


a 


E. 


0. 


R. 


M. 


T. 


ber, 


Beam. 


per 
Fbot. 


Section. 


.50 
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Dimensions in inches. 
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PENCOYD CHANNELS. 
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.24 


1.50 


\ 
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% 
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8.16 


102C 
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25.0 


7.,35 
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2.91 
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1.75 


\ to 7/8 


.55 


7.68 


i03r 


10 
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8.82 


.60 


3.06 


.76 


.36 


1.88 


\ to 7/8 


.55 


7.68 
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10 


35.0 


10.29 


.75 


3.21 
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% to 7/8 
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3.90 
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2.43 
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1.50 


% 
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3.00 
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1.75 
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PENCOYD CHANNELS. 



Berel of flange 2 inches 
per foot. 
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^^ 
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W. 
.22 


F. 
2.26 


C 
.56 


K 
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0, 
1.25 


S. 


.38 


T. 


8or 


8 


11.25 


3.31 


% 


6.34 


81C 


8 


13.75 


4.04 


.30 


2.34 


.56 


.22 


i.;<8 


% 


,m 


6.34 


82C 


8 


16.25 


4.78 


.33 


2.55 


.65 


.28 


1.50 


\ 


.46 


6.06 


asT 


8 


18.75 


5.51 


.42 


2.64 


.65 


.28 


1.50 


% 


.47 


6.06 


84C 


8 


21.25 


6.25 


.52 


2.74 


.65 


.28 


1.56 


% 


.48 


6.06 


70C 


7 


9.75 


2.87 


.21 


2.09 


.52 


.21 


1.13 


% 


.37 


5.43 


71C 


7 


12.25 


3.60 


.31 


2.19 


.52 


.21 


1.25 


% 


.37 


5.43 


Y2C 


7 


14.75 


4.34 


.36 


2.46 


,60 


.25 


1.50 


%to% 


.41 


5.21 


73C 


7 


17.25 


5.07 


.46 


2.56 


.60 


.25 


1.50 


%to% 


.43 


5.21 


74C 


7 


19.75 


5.81 


.57 


2.67 


.60 


.25 


1.63 


%to% 


.42 


5.21 


60C 


6 


8.00 


2.35 


.20 


1.92 


.49 


.20 


1.06 


\ 


.35 


4.52 


61C 


6 


10.50 


3.09 


.27 


2.14 


.53 


.22 


1.25 


^to% 


.37 


4.39 


62C 


6 


13.00 


3.82 


.40 


2.27 


.53 


.22 


138 


^to% 


.37 


4.39 


63C 


6 


15.50 


4.56 


.52 


2.39 


.53 


.22 


1.50 


^to% 


.37 


4.39 


mc 


6.00 


15.1 


4.46 


.35 


3.50 


.40 


.34 


2.00 


% 


.37 


4.75 


66C 


6.06 


17.1 


5.02 


.41 


3.56 


.43 


.37 


2.00 


% 


.40 


4.75 


50C 


5 


6.50 


1.91 


.19 


1.75 


.45 


.19 


1.06 


\ 


.31 


3.61 


51C 


5 


9.00 


2.65 


.32 


1.88 


.45 


.19 


1.19 


\ 


.31 


3.61 


52C 


5 


11.50 


3.38 


.47 


2.03 


.45 


.19 


1.31 


\ 


.31 


3.61 


40C 


4 


5.25 


1.54 


.18 


1.58 


.41 


.18 


0.94 


% 


.29 


2.70 


41C 


4 


6.25 


1.84 


.24 


1.64 


.41 


.18 


1.00 


% 


.29 


2.70 


42C 


4 


7.25 


2.13 


.32 


1.72 


.41 


.18 


1.06 


% 


.29 


2.70 


3or 


3 


4.00 


1.18 


.17 


1.41 


.38 


.17 


0.81 


% 


.27 


1.79 


31C 


3 


5.00 


1.47 


.25 


1.49 


.38 


.17 


0.88 


% 


.27 


1.79 


32C 


3 


6.00 


1.76 


.35 


1.59 


.38 


.17 


1.00 


% 


.27 


1.79 



For 2>4", 2" and \%" channpis, see plate 18. 
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PENCOYD 



BARS* 



Nominal Size in 
Inches. 


• 

5? 


3 


307. 


3 


31Z 


3 


327. 


3 


'<<U 


3 


34Z 


3 


35Z 


4 


40Z 


4 


41Z 


4 


427 


4 


43Z 


4 


44Z 


4 


45Z 


4 


46Z 


4 


47Z 


4 


48Z 


5 


50Z 


5 


51Z 


5 


52Z 


5 


53Z 


5 


54Z 


5 


55Z 


5 


56Z 


5 


57Z 


6 


60Z 


6 


61Z 


6 


62Z 


6 


637 


6 


64Z 


6 


657 


6 


66Z 


6 


67Z 


6 


68Z 



Actual Size in Inches for a 

Variation of ^ Inch in 

Thickness. 



Flange. 


Web. 


Flange. 


2.62 
2.69 
2.75 


3.00 
3.06 
3.12 


2.62 
2.69 
2.75 


2.66 
2.69 
2.72 


3.00 
3.03 
3.06 


2.66 
2.69 
2.72 


2.87 
2.94 
3.00 


4.00 
4.06 
4.12 


2.87 
2.94 
3.00 


2.97 
3.03 
3.09 


4.00 
4.06 
4.12 


2.97 
3.03 
3.09 


3.06 
3.12 
3.19 


4.00 
4.06 
4.12 


3.06 
3.12 
3.19 


3.19 
3.25 
3.31 


5.00 
5.06 
5.12 


3.19 
3.25 
3.31 


3.22 
3.28 
3.34 


5.00 
5.06 
5.12 


3.22 
3.28 
3.34 


3.25 
3.31 


5.00 
5.06 


3.25 
3.31 


3.50 
3.56 
3.62 


6.00 
6.06 
6.12 


3.50 
3.56 
3.62 


3.50 
3.56 
3.62 


6.00 
6.06 
6.12 


3.50 
3.56 
3.62 


3.50 
3.56 
3.62 


6.00 
6.06 
6.12 


3.50 
3.56 
3.62 



Thick- 
ness. 

.25 
.31 
.37 

.44 
.47 
.50 

.25 
.31 
.37 

.44 
.50 
.56 

.62 
.68 
.75 

.31 
.37 
.44 

.50 
.56 
.62 

.68 
.75 

.37 
.44 
.50 

.56 
.62 
.69 

.75 
.81 
.87 



Areas in Square 
Inches. 


Weight per Foot 
in Pounds. 


1.94 
2.44 
2.94 


6.60 

8.29 

10.00 


3.25 
3.51 
3.75 


11.15 
11.93 
12.75 


2.32 
2.91 
3.52 


7.88 

9.89 

11.90 


3.96 
4.56 
5.16 


13.46 
15.50 
17.54 


5.55 
6.14 
6.75 


18.80 
20.87 
22.95 


3.36 
4.05 
4.75 


11.42 
13.77 
16.15 


5.23 
5.91 
6.60 


17.78 
20.09 
22.44 


6.96 
7.64 


23.66 
25.97 


4.59 
5.39 
6.19 


15.61 
18.32 
21.05 


6.68 
7.46 
8.25 


22.71 
25.36 
28.05 


8.64 

9.38 

10.16 


29.37 
31.89 






t3 






.037 



.039 



.031 



.031 



.030 



.026 



.027 



.027 



.023 



.023 



.025 



(For RiTet Sparing, sec page 258,) 



PENCOYD ANGLES. 

BTENI.EGS. 

DimeiialoDs [□ lacbea. WelEbt in poundi. 





Sin. 


g 


N 


11 


$i 


»,. 


1 


< .1 

1^ 


I 


830,\ 


Si8 


'fe 


26.4 


7.76 


553.\ 


5 i5 


ft 


18.2 


5-35 


B81A 


Si8 


A 


29.8 


8.76 


554A 


5 i5 


t, 


20,1 


5,91 


882A 


8iB 


'% 


33.2 


9.76 


555A 


5 i5 


IS 


22.0 


6.47 


883A 


8x8 


}i 


36.6 


10.76 


556A 


5 i5 


■i 


23.8 


7.00 


884A 


8ia 


^4 


39.0 


11.47 


557A 


5 x5 


H 


25.6 


7.53 


easA 


8i8 


\l 


42,4 


12,47 


558A 


5 i5 


'. 


27.4 


8.06 


886A 


8i8 


\ 


45.8 


13,47 


559.\ 


5 i5 


is 


29.4 


8.65 


887A 


8i8 


n 


49.3 


14.50 












883A 


8i8 


1 


52.8 


15.53 






















440A 


4 i4 


li 


8.2 


2.41 


660A 


616 


% 


14.8 


4.35 


441A 


4 i4 


% 


9.8 


2.B8 




6ie 


-Ps 


17.3 


5.09 


442A 


4 i4 


A 


11.3 


3.32 


e62A 


6.e 


^ 


19.7 


5.79 


443A 


4 i4 


>6 


12,8 


3.76 


663A 


616 


ft 


22.0 


6.47 


444A 


4 i4 


A 


14.5 


4.21 


664A 


6^-6 




24.4 


7.13 


445.\ 


4 t4 


"s^ 


15.8 


4.65 


665A 


616 


u 


26.5 


7.79 


446A 


4 i4 


« 


17.2 


5.06 


666A 


616 


\ 


28.8 


8.47 


447A 


4 z4 


% 


18.6 


5.47 


667A 


616 


H 


31.0 


9.12 






. 








616 


\ 


33.4 














eesA 


818 


^ 


35.9 


10.56 


350A 
351A 


31.^x3^ 
31^13'^ 


A 
% 


8.5 


209 
2-bO 












352A 


SH^x3^ 


A 


9,8 


2.88 


550A 


5i5 


% 


12.3 


3,62 


353.\ 


3H^z3^ 


■i. 


11.1 


3.26 


&51A 


5i5 


i. 


14.3 


4.31 


354A 


3'!ix3^ 


ft 


12.4 


3.65 


552A 


5i5 


\ 


16.3 


4.79 


355A 


3^x3^ 


% 


13.7 


4.03 



PENCOYD ANOIiES. 

ETEXIiEGS. 

Dimensions in inches. Weight in pounds. 



■is 



330A 

• 

331A 
332A 
333A 
334A 
335A 
336A 

275A 
276A 
277A 
278A 
279A 

250A 
251A 
252A 
253A 
254A 
255A 

225A 
226A 
227A 
228A 



Size. 


• 

1 


• 

4.9 


Area of 
Section. 


Section 
Number. 


3 x3 


1.44 


220A 


3 x3 


A 


6.1 


1.79 


221A 


3 x3 


% 


7.2 


2.12 


222A 


3 x3 


A 


8.3 


2.44 


223A 


3 i3 


^ 


9.4 


2.76 




3 x3 


ft 


10.4 


3.06 




3 x3 


% 


11.5 


3.38 


175A- 
176A 


2%x2^ 


\ 


4.5 


1.32 


177A 
178A 


2%x2% 


A 


5.5 


1.62 




2%i2% 


% 


6.6 


1.94 




2%x2^ 


A 


7.7 


2.26 


150A 


2%x2% 


\ 


8.6 


2.53 


151A 
152A 


2?,t2i2^ 


ft 


3.1 
4.1 


0.91 
1.21 


153A 
154A 


2^x2^ 


A 


5.0 


1.47 




2^x2^ 


% 


5.9 


1.74 


125A 


2^x2^ 


ft 


6.9 


2.03 


126A 


2%t2\ 


^ 


7.8 


2.29 


127A 


254x2^4 


ft 


2.7 


0.79 




2^x2^ 


^ 


3.6 


1.06 


llOA 


2^x2^ 


ft 


4.5 


1.32 


lllA 


2^x2^ 


% 


5.4 


1.59 


112A 



Size. 



2 
2 
2 
2 



x2 
x2 
x2 
x2 



l%xl% 
l%xl% 
l%xl% 
1^x1% 



1^X11^(2 

1^x1^ 
1^x1^^ 
1^x1^^ 
1^x1^^ 



1^x1^4 
1^x1^ 

1^4x114 



1 xl 
1 xl 
1 xl 



I 






ft 


2.5 


\ 


3.2 


ft 


4.0 


% 


4.8 


ft 


2.1 


^ 


2.8 


ft 


3.5 


% 


4.1 


^ 


1.2 


ft 


1.8 


\ 


2.4 


ft 


2.9 


% 


3.5 


\ 


1.0 


ft 


1.5 


\ 


2.0 


^ 


0.8 


ft 


1.2 


\ 


1.5 



The length of leg is nominal, and correct only for least thickness. 
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PENCprU ANGLES. 

UKETBK LEGS. 

IMnuDflloiu Id IdcIub. Weight tn pouDds. 



il 


»,. 


1 


w 


1 


ii 


^- 


1 
I 


N 


860A 


8 i6 


7" 


23.0 


6.76 


647A 


6 i4 


i 


25,6 


S6IA 


8 i6 




25.8 


7.59 


648A 


6 i4 


27.4 


862A 


8 iB 






3.44 


e49A 




29.4 


863A 






MJ 












864A 
865A 
866A 
8ff7A 
868A 


8 iB 
8 i6 

I It 

8 X6 


1 


33.8 
36.6 
39.5 
42.5 
45.6 


994 
10.76 
11.62 
12.50 
13.41 


630A 
631A 
632A 
633A 
634A 


6 iSi^li 

a i3>^ 

6 1 3^ 
6 13"^ 


1 


11.6 
13.6 
15.5 
17.1 
19.0 














635A 


6 i3>^ 


il 


20.8 


730A 




3^ 




17.0 


5.00 


636A 


e ^34 


% 


22.6 


731A 




3^1 




19.0 


5.59 


637A 


6 1 3"^ 


it 


24.5 


732A 




34 




Z1.0 


6.18 




8 13% 


ft 


28.5 


733A 




3? 






6.76 


639A 


6 ^34 


28.6 


7MA 




3^ 




24^8 












735A 
736A 
737A 
738A 




.1^ 


1 


26-7 
28.6 
30.5 
32.S 


7:85 
8.41 
8.97 
9.56 


500A 
501A 
S02A 
603A 


54'34 
54^34 


1 


11.0 
12.8 
14.6 
16.2 














504A 


5iiji3^ 


17.9 


esoA 


SHi 






12.9 


3.79 










651A 


6^ 






15.0 


4.41 










653A 


6^ 






17.0 


5.00 


540A 


5 i4 




11.0 


653A 


e^ 






19.0 


S.59 


541A 


5 i4 




2.8 


654A 


6^ 






21.2 


6.24 


&42A 


5 i4 




4.6 


65SA 


^1 




1 


23.4 


6.88 


543A 


5 i4 




6.2 


656A 




25.6 


7.53 


544A 


5 i4 




7.9 


657A 


k 




i 


27.8 
29.8 


8.18 
8.77 


545A 
&46A 


5 i4 
5 i4 


i 


19.6 
21.3 


659A 


e^ 




31.9 


9.38 






















510A 


5 .3>^ 




8.7 


640A 


6 






12.2 


3.69 


511A 


5 131^ 




10.3 


641A 


6 






14.3 


4.21 


512A 


5 t34 




12.0 


642A 


6 






16.3 


4.79 


513A 


5 1 3^ 




13.6 


e43A 








18.1 




S14A 


5 iH 




15.2 


644A 


6 






20.1 


5!91 


515A 


5 x34 




16.8 


64SA 


8 




1 


22.0 


6.47 


516A 


5 i3^ 




18.4 


64eA 


Q 






7.00 


5I7A 


5 xK 


k 


20.0 



Tbs lengtb of l«g 1b di 



PENCOYD AKGLES. 

DMBTBM LEGS. 

Umenslons in inches. Wdght la pounds. 



II 


». 


1 


N 


Ij 


11 


^ 


I 


w 




530A 


5 i3 


^ 


as 


2.41 


310A 


3%!^ 


T 


4.9 


1.44 


531A 


5 i3 


% 


9,7 


2.85 


311A 


3>i>li2^ 




6.1 


1.79 


532A 


5 i3 


i 


11.2 


3,29 


312A 


3^;^.^ 




7.2 


2.12 


533A 


S i3 




12.8 


3.76 


313A 


3^121^ 




8,3 


2,44 


534A 


5 i3 




14.2 


4,18 


314A 


^^1^ 




9.4 


2.76 


535A 


5 i3 




15.7 














536A 


5 i3 




17.2 


5^06 


316A 


31^12 


"& 


4,5 


1,32 


537A 


5 i3 


% 


18.7 


5,50 


317A 
318A 


3<i(ti2 
H-2 


1 


5.5 

6.6 


1,62 
1.94 


450A 


4>iii3 


-L 


7.7 


2.26 


32SA 


3 iZ^ 


]^ 


4,5 


1,32 


451A 


4>fei3 




9.1 


2.6S 


326A 


3 t2€ 




5.5 


1.62 


452A 


4-^113 




IO.S 


3.09 


327A 


3 i2iJ> 




6,6 


1,94 


463A 


4^x3 




11.9 


3.50 


328A 


3 iZ^ 




7.7 


2.26 


454A 


4iiji3 




13.3 


3.91 


329A 


3 iZ% 




8.7 


2.56 


45eA 


41^13 




14.7 


4.32 










45flA 


41^x3 


i 


16.0 


4.71 


320A 


3 i2 




4,1 


1,21 


457A 


4>^l3 


17.4 


S.12 


321A 


3 »2 




5.0 


1,47 












32ZA 


3 i2 




5,9 


1.74 


410A 
411A 


4 i3ife 
4 i3^ 


t 


7.7 
9,1 


2.26 
2.68 


323A 
324A 


3 i2 
3 i2 


t 


6,9 
7.9 


2,03 
2.32 


il2A 
413A 
414A 


4 xK 
4 isig 


1 


10.5 
11.9 
13.3 


3.09 
3.50 
3.91 


20aA 

201A 
202A 


an 

214.2 


1 


2,7 
3.6 
4,5 


0,79 
1.06 
1.32 


415A 


* 'S*» 




14.7 


4.32 


203A 




54 


159 


416A 
417A 


4 i3^ 

4 .3^ 


i 


16.0 
17.4 


4.71 
5.12 


204A 

205A 


e 


6,2 
7,0 


1.82 
2,08 


430A 


4 i3 


, 


7.1 


2,09 


206A 


Z\ 1 1^ 


ft 


Z.3 


0-6S 


431A 






8,5 


2-50 


207A 


2i,li4 




3.0 




432A 


4 i3 




9,8 


2.33 


208A 


214 r 1\ 




3,7 


l!09 


433A 


i i3 




11,1 


3.26 


209A 


214 > 114 








434A 
43SA 


4 i3 


i 


12,4 
13,8 


3.65 
4.06 


215A 
216A 


2 1 114 
2 .114 


ft 


2.1 
2.9 


0.85 


300A 


3iiti3 


, 


6,6 


1.94 


217A 

218A 


2 1 114 
2 .1$ 


1 


3.6 
4.3 


1,06 
1.26 


301A 


3'<,i3 




7,8 


2,29 










302A 


3>^i3 




9,1 


2,68 


210A 


2 1 114 




1.9 


0,56 


303A 


3^.3 




10,3 


3.03 


211A 


2 Tvi 




2.6 


0,76 


304A 


^x3 




11.6 


3,41 


212A 


2 ili 




3.3 


0,97 


30SA 


31^13 


* 


12.9 


3.7B 


213A 


2 xig 


% 


3.9 


l.,S 



ne ImgUi at t<g li boie 



PENCOTD ANCILES. 

BQDABE BOOT AKQUtS. 






.3125 .375' .4375 .50 l.c 



— 


flfi 


H.413.0 


u» 




Hfi 














SI 


ti.V 
Rl 


7.8; 8S 
7. 8^ 




4.5 


5.4 








an 


44 








;i() 










2.55 











AKGI.E OOTEBS. 



Approximate Weiphi 



rr Plot fiir Vtlrbntt 



.125 .1875 .25 .3125.375.4375 .50 .5625 .625 .6875 .75 .875 



SPECUI. AMGX-BS. 



fhiot«,»«*-koi 



Founds p^ Fitol/or Variout 



,. il A 

.1251.1875 .: 



PENCOTD DECK BEIAMS. 



i 

s 

1 


1 





■t 


U 
11 


.Jnpn)iiina& Weight J« Panndiprr fW* 


1 


A % 


,'a 


^ 


.|. 


H 


% 


j^ 


ll^il 


115D 


5.25.406 


32,2'' 


33.4 


35.8 


38,2|40,7 
34,4 36,5 


43.1 


45.6 


.026 


10 


100 D 


5.J.,. 


28,0| ;23.0 


30,2 


32.3 


38.6 




.029 


9 


SOD 


6.00.375 


25,0 


25,0 


26.9 


2S.8 


30.7 32,6 






,033 


8 


BOD 


tea' .343 


21.0 




21,8 


23.5 


2a.. 


26.9 28,6 






.037 


7 


■TOD 


4.25 ,343 


18.0 




18,5 


20,0 


21.5 


23.0 24,5 






.012 


6 


60D 


3.75 ,312 


14.514.515,8 


17,1 


18.3 


J 






.049 


5 


50D 


3.35 ,312 


11,511,512 5 13,6 

1 1 1 


14.7 


H 






.059 



PENCOYD BCLB ANOUIS. 



10 ,100.^ 
9 1 90A 
8 i 80A 


4.00 ,500 26,2 
4.00 .4691 22.9 
3.50: .438, 19.1 






' 26,2 29,2 

24,3' 27.0 

19,1 Z1.5 23,9 


32,3 
29.8 
26.4 


35.2 
32.5 


38.2 


.021 
.023 
,026 


7 


70A 


3.50 .406' 18.3 






17.4 19.6 21.B 








.028 


6 


80A 


3.50' .359 13.3 




13,8 


15.8 17,8 








.031 


5 


50A 


3,00 .312| 10,1 


10.1 


U.8 


13.5 








,037 



PENCOTD TEES. 

For datill* >M Uthofnpbt— PIMei Not. ». S4, It ud M. 






ETENTKKS. 






Jfumbcr. 


».,,,«v.. 


;;-c. 


,wfS. 


SliUnlKha. 


;X: 


440T 












«1T 










15.6 


335T 


S^iS-ij 


7.0 


65T 


6 i5^ 


39.0 


33ST 
















































225T 






44T 




10.2 








«T 




15.8 














222T 


2^4 I 2'4 
















38T 




7.3 














117T 


l^il^ 










115T 




2.0 


















6.0 












































3ttT 




9.S 








EST 




e.e 
























3.3 








2B ■ 




S.7 








27 ■ 




6.0 








aOT 


'^'t 


2.2 
2X1 








22T 




2.0 
































IT ■ 


\« ft 


1.9 








18- ' 




3.5 




















12T 


1?- fl 


1.2 



HISCELLANEOVS SHAPES. 



i!^:s:ir.^s^ 



SIZES OF P£NCOYI> BARS. 

FLATS. 



%i% inches 


to finches. 


2A 


X 


1^ inches 


to 2 ii 


neb 


1 x\ 


(< 


% 




2% 


X 


% 




1% 




lAi^ 


(( 


1 




2^ 


X 


^ 




1% 




lAx^ 


it 


1 




2% 


X 


^ 




% 




ns^\ 


i( 


1 




3 


X 


^ 




2 




iAx% 


• ( 


1 




3^ 


X 


^ 




^8 




1^^\ 


<( 


1 




3^ 


X 


^ 




% 




Vkx\ 


<( 


1 




4 


X 


^ 




2^ 




lAx% 


(1 


1 




4^ 


X 


^ 




% 




1%Z\ 


II 


1^ 




5 


X 


^ 




2^ 




m^% 


fi 


1 




51^ 


X 


^ 




'/s 




lAx« 


i( 


1^ 




6 


X 


^ 




2^ 




l^x^ 


11 


l\ 




7 


X 


^ 




2>«! 




1JM% 


ti 


1\ 




8 


z 


^ 




2^ 




l%x^ 


a 


l\ 




9 


X 


^ 




•2^ 




1% I^ 


(1 


1^ 




10 


z 


^ 




2^ 




l!ix% 


(( 


1% 




12 


z 


^ 




ffe 




2 x\ 

2Axl% 


14 


l"^ 




13 
14 


X 

X 


^ 




1 
1 




2^1 J4 


r/8 

Am 

ROUNDS. 








SQUARES. 






\ 










T8» A' %• tt» %i iJ« /S' If' l« 

lA. 1^. lA. 1^. lA. 1%. lA. 
1^. lA. 1%. 1^. 1%. 2, 2^. 2^. 

2%. 2i,(8. 2%. 2\. 2f^8. 3, 3^,^. 3^. 
3%, 3^,^. 3%. 3%. 37/8. 4. 4^, 4^. 
4%. 4^. 4%. 4%. 47/8. 5. 5^. 51,42, 
5%. 6, 6^. 7 inches. 

HALF ROUNDS. 

^. A. %. H. %. H. %. H. 1. 
1^. 1^. 1%. 1^. 1%, 1%. 2. 2^. 

2^. 3. 3^. 4, 4;^ inches. 




^. A. %, tt. %. li % W. 1. 
if^. 114. lA 1^. 1%. r^. 1%. 

1^. 1%, 2, P%, 34. sS^. 2^. 2%, 

2%. 27/8. 3. 3^. 3^. 3%. 3^. 3%. 
3\. 37/8. 4. 4^. 414. 4%. 4^. 4%. 
4%, 47/8, 5 iaches. 

RIVET SIZES. 

Wi, lA, lifr, Hf , m inches. 
BOLT SIZES tAth full. 

i, A, i H, J, iJ, J, li, 1, 

lA, li, 1 A, It inches. 
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OPEN-HEARTH STEEL AXLES. 

Axles for locomotive and car service are made at Pencoyd 
of open-hearth steel, to conform to either the drop or me- 
chanical test, as may be required. 

The results below, taken as an average of a number of tests, 
represent the quality of material used for this purpose. 

TRANSVERSE TEST. 



Ifumber of 


Diameter of 


Diameter of 


Weight of 


Height cf 


Number qf 


Axles. 


Bub Seat. 


Centre. 


Ham. 


FaU, 


Blow*. 


14 


5J 


^ 


1640 


29 


36 


26 


5A 


4t 


1640 


25 


37 



TENSILE TEST. 



• 

"S 


Mastic 
lAmiL 


Ultimate 
Strength. 


Elongation. 


Beduciion of 
Area. 


it 


45320 


79230 


In 2". 

22.7 J< 


38 J« 



The blooms are worked at a single uniform heat, under 
heavy hammers, to the finished forging. Locomotive and 
passenger car-axles are furnished rough-turned throughout; 
those for freight service, with journals forged and rough- 
turned. 

The process of manufacture thus indicated produces axles 
of the highest standard of excellence. 
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STRUCTURAL STEEL. 

The strength of structural steel depends largely on the 
amount of the constituent elements that are associated with 
the iron, and each of which affect more or less the hardness 
and strength of the metal. 

The principal of these are carbon, manganese, silicon, 
phosphorus and sulphur, the first-named being purposely 
retained as useful or necessary, the others being rejected, as 
far as practicable, as objectionable when in excess of certain 
minute proportions. 

The grade and character of the steel is usually known by 
the percentage of contained carbon. Steel used in struc- 
tures usually varies in tensile strength from 55,000 to 70,000 
lbs. per square inch of section, or from .10 to .25 per cent, of 
carbon. 

The following table exhibits the physical characteristics 
of Open-Hearth Basic Steel of the various grades, the results 
derived from an extensive series of tests indicating the ten- 
dency of a total average of the composition hereafter de- 
scribed to approximate to the figures given in table. 

The predominant elements other than carbon averaged 
throughout the series as follows: manganese, .40; phos- 
phorus, .04 ; sulphur, .05 per cent. Any increase of these 
elements is attended with an increase of tensile strength 
and reduced ductility, and vice versa. The tensile strength 
of the steel is also affected to some extent by the tempera- 
ture at which it is finished, and the rate of cooling, these 
infiuences being more apparent in the grades containing 
highest carbon. Therefore the values given have only a 
general significance, and individual tests may vary widely 
above or below the figures in the table. 

For Bessemer or open-hearth acid process steel, the ten- 
sile strength will ordinarily be greater for the same per- 
centage of carbon given in this table, for the reason that 
the proportions of phosphorus and sulphur, and sometimes 
manganese, are usually higher than in open-hearth basic 
steel, each of these elements contributing to strength and 
hardness in the steel. 
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OPEN-HXSARTH BASIC 8TBEL. 






Tensile Strength in Pounds 
per Square Inch. 


DuetUUy. 




|{§ 


Ultimate Elastic 


Stretch in 


BeducHon of 




<S^ 


Strength. 


Limit. 


8 Inches. 


Fnuiured Area. 




.06 


54000 


32500 


32 per cent. 


. 60 per cent. 




.09 


54800 


33000 


31 •• 


58 '• 




.10 


55700 


33500 


31 " 


57 " 




.11 


56500 


34000 


30 " 


56 " 




.12 


57400 


34500 


30 " 


55 " 




.13 


58200 


35000 


29 " 


54 " 




.14 


59100 


35500 


29 " 


53 " 




.15 


60000 


36000 


28 " 


52 " 




.16 


60800 


36500 


28 


51 •* 




.17 


61600 


37000 


27 " 


50 " 




.18 


62500 


37500 


27 '* 


49 ** 




.19 


63300 


38000 


26 " 


48 " 




.20 


64200 


38500 


26 ** 


47 " 




.21 


65000 


39000 


25 " 


46 " 




.22 


65800 


39500 


25 " 


45 " 




.23 


66600 


40000 


24 '* 


44 " 




.24 


67400 


40500 


24 " 


43 *• 




.25 


68200 


41000 


23 " 


42 ** 





For convenient distinguishing terms, it is customary to 
classify steel in three grades : " mild or soft," " medium" 
and "hard," and although the different grades blend into 
each other, so that no line of distinction exists, in a general 
sense the grades below .15 carbon may be considered ajs 
" soft " steel, from .15 to .30 carbon as " medium," and above 
that "hard *' steel. Each grade has its own advantages for 
the particular purpose to which it is adapted. The soft steel 
is well adapted for boiler plate and similar uses, where its 
high ductility is advantageous. The medium grades are 
used for general structural purposes, while harder steel is 
especially adapted for axles and shafts, and any service 
where good wearing surfaces are desired. Mild steel has 
superior welding property as compared to hard steel, and 
will endure higher heat without injury. Steel below .10 car- 
bon should be capable of doubling flat without fracture, 
after being chilled from a red heat in cold water. Steel of 
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.15 carbon W)U occasionally submit to the same treatment, 
but will usuHiiy bend around a curve whose radius is equal 
to the thickness of the specimen; about 90 per cent, of 
specimens stand the latter bending test without fracture. 
As the steel becomes harder, its ability to endure this bend- 
ing test becomes more exceptional, and when the carbon 
ratio becomes .20, little over twenty-five per cent, of speci- 
mens will stand the last-described bending test. Steel hav- 
ing about .40 per cent, carbon will usually harden sufficiently 
to cut soft iron and maintain an edge. 

ELASTICITY. 

As the material elongates or shoitens under stress, the 
change of length is directly proportionate to the stress, and 
the material recovers its original length after removal of the 
stress, until the elastic limit is reached, when changes of 
length are no longer regular and permanent set takes place, 
or the destruction of the material has begun. 

In good material the stress at elastic limit, for either ten- 
sion or compression, is usually about six-tenths of the ulti- 
mate tenacity. 

The ductility, under tensile stress, is usually measured by 
the total elongation in a given length, or by the percentage 
of reduction of the fractured area, or by both. 

The elasticity is measured by the change of length under 
stress below the elastic limit of the material. The elasticity 
of the various grades of steel are practically uniform, that 
is, each material will exhibit a uniform change of length 
under uniform stress below the elastic limit; but, as the 
elastic limit of the higher grades is greater than that of the 
lower or softer grades, the former will elongate or shorten to 
a greater extent than the latter before its elasticity is injured. 
This property is expressed by a modulus, which for either 
material will average about 29,000,000 lbs. That is, if the 
change of length could be extended sufficiently, it would re- 
quire 29,000,000 lbs. per square inch of section to double the 
original length under tensile strain, or to shorten the length 
one-half under compression. Therefore, steel will extend or 
shorten Tinri^lnnnj P^^ ^^ ^^ normal length, for every pound 
per sectional inch in change of load. 
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RESILIENCE OF STEEL. 

Resilience is the amount of work done to ptx>duce a cer- 
tain deformation in material. It is usually measured in 
inch-pounds. The total resilience is the work done in caus- 
ing rupture or maximum deformation. The elastic resil- 
ience is the work done when the material is strained to the 
elastic limit. The work done hy a load applied gradually, 
up to the elastic limit, is equal to one-half the product of 
the final stress, hy the extension, or other deformation. 
Ahove the elastic limit the extensions increasing in a 
greater ratio than the loads, the work is approximately 
equal to two thirds of the product of the maximum stress 
by the extension. When a load is applied instantaneously 
the momentary elastic deformation is twice that resulting 
from the same load applied gradually. If the load is 
applied with percussion, the work is denoted by the product 
of the weight into the total fall. 

The modulus of elastic resilience, is the work done on one 
cubic inch of material by a load gradually applied to the 
elastic limit. 

Modulus of elastic resilience = i square of elastic limit, 

Modulus of Elasticity, 

, .. ... modulus of elastic resilience X vol- 

or elastic resilience = - x • i • ,.. . i 

ume of material m cubic inches. 

Taking 3 grades of steel — mild, medium and hard— and 
ascertaining their respective elastic limits to be 35,000, 
45,000 and 55,000 lbs. per square inch of section, and each 
grade having equal moduli of elasticity, say 29,000,000 lbs. 

The modulus of elastic resilience 

For Mild Steel = 21.1 inch-pounds. 
For Medium Steel = 34.9 " ** 
For Hard Steel =52.2 " '< 

Similarly the elastic resilience per cubic inch, or modulus 
of resilience of a rectangular beam supported at both ends 
and loaded at the middle, is 



A 



s quare of stress o n e xtre me fibres at elastic limit . 

Modulus of Elasticity. 
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EXPANSION B7 HCAT. 

Soft steel or iron will extend about j^TAnnr P*^rt of its 
length for each degree F. of elevation of temperature. For 
a variation in temperature of 100 degrees F., the change in 
length will be about one inch in 125 feet. 

SPECIFIC GRAVITY. 

The specific gravity of steel varies according to the purity 
of the metal, and also according to the degree of condensa- 
tion imparted by the process of rolling or forging. 

As a rule, mild steel has a higher specific gravity than 
hard steel, and both are lower than perfectly pure iron, but 
about two per cent, higher than ordinary commercial iron. 
Structural steel in comparatively small sections having the 
composition denoted in the previous table of tensile strength, 
has the following specific gravity, corresponding to given 
carbon ratio : 



Oarbont Per cent. 


Specific Gravity. 


Weight per Cubic Foot 
in Pounds. 


.10 
.20 
.30 


7.860 
7.858 
7.856 


489.92 
489.80 
489.67 



In the form of rolled beams and largest commercial sec- 
tions the weight will be slightly less than this. 

The tables in this book are all calculated on a basis of 
489.6 lbs. per cubic foot, or the sectional area in square inches 
multiplied by 3.4 equals the weight in pounds per foot. 
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Tables for Pencoyd Beams. 



The following tables for beams give the greatest safe loads 
in net tons, evenly distributed, including the weight of the 
beam. The results are obtained by the methods described 
on pages 180 to 185, and correspond to an extreme fibre 
stress of 16,000 lbs. per square inch of section, or approxi- 
mately about one-half the elastic limit of the material, pre- 
suming that steel of the milder grades is used. 

LIMITS FOR THE SAFE LOAD. 

These loads are given as the greatest safe loads, and the 
beams are entirely reliable for them under ordinary condi- 
tions. 

For the loads given in italics in the beam tables, the web 
of the beam should be stiffened at the end to prevent crip- 
pling, or the load should not exceed that calculated by the 
formula for Maximum Load in Tons given on page 185, and 
in the Tables of Elements of the several sections, pages 186 
to 201. 

If, however, the conditions of the service involve the 
introduction of forces not considered in the tables, the 
character of the load must be considered, and the mode of 
application of the same. If the load is suddenly applied, 
especially if accompanied by impact, the resulting dynamic 
stresses will not be expresed by formulae which are derived 
from static consideration alone. Freedom from vibration, 
or excessive deflection has usually to be provided for, or 
the beam may be of considerable length without lateral sup- 
port. In many such cases it may be necessary to take 
smaller loads for beams than those given in tables. In 
general, the following limitations of the tabulated safe loads 
will be proper for the specified conditions : 
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Character qf Service, 



QreaUst Sqfe Loads. 



Quiescent load, subject to little vibration, 
as in ordinary noors, etc., especially 
where beams are short. 



Fluctuating loads, causing vibration, espe- 
cially if the beams are long as com- 
pared to their depth. 



When loads are suddenly applied with 
slight impact, or exposed to vibration 
from machinery or rapidly moving 
loads. 



As in tables. 



One-fifth (i) less 
than the tables. 



One third (i) less 
than the tables. 



The beams, if of considerable length, are supposed to be 
braced horizontally, and it is safest to limit the application 
of the tabular loads to beams whose lengths between lateral 
supports do not exceed twenty times the flange width. 

Our experience has been that a beam without lateral sup- 
port is more stable than is commonly supposed. In an 
open- webbed beam, the top flange acts as a simple strut, 
and is liable to lateml flexure when the unsupported length 
is considerable. But in a solid beam the parts in tension 
sustain the parts in compression, and prevent the buckling 
which would otherwise occur. 

Experiments have shown a reduction of about one-third of 
the normal modulus of rupture when the length of the beam 
becomes 80 times its flange width. But as the long beam may 
sufler if exposed to accidental cross strains, we recommend 
the greatest safe load to be reduced in such a ratio for long 
beams that when the length is seventy times the flange width 
the greatest safe loads will be reduced one-half. This will 
give safe loads, corresponding to given lengths, as follows : 

BEAMS WITHOUT LATERAL SUPPORT. 



Length qf Beam. 


Proportimof Tabular Load librming 
Oreatat Sqfe Load. 


20 times flange width. 


.Whole tabular load. 


30 '' 




A 






40 " 




A 






60 " 




A 






60 ** 




fi 
TZ 






70 '* 




A 
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DEFLBCTION. 

The tabular deflectipns are derived from the coefficients 
on pages 186 to 189, as described on page 185. If the load 
on the beam is reduced below that of the tables, the deflec- 
tion will be less than that given in the tables, in the direct 
ratio of the loads. 

The greatest safe load in the middle of the beam is exactly 
one-half (}) of the distributed load, and the deflection for 
the former will be eight-tenths (^) of the deflection corre- 
sponding to the distributed load as given in the tables. If 
the load is placed out of centre on the beam, it will bear the 
same ratio to the load at the centre that the square of half 
the span bears to the product of the segments of the beam 
formed by the position of the load. 

Example. — A 15- inch No. 150B I beam, 16 feet between 
supports, will safely carry an evenly distributed load (by the 
tables) of 19.7 tons, and deflect under same .29 inches. The 
greatest safe load in the middle will be one-half the above, 
viz., 9.8 tons, and the resulting deflection ^^y of the former, 
or .23 inches. 

If the weight is concentrated 3 feet out of centre, or 5 feet 
arid 11 feet from the ends, then the square of half the span 
being 64, and the product of the segments being 55, the 

greatest safe load will be ^'^^ ^ = 11.4 tons. 

00 

If a beam of above size and length is used without any 
lateral support, reduce the safe load in the ratio aforesaid. 
Thus the flange is 6.4 inches wide, and the length 30 times 
this ; therefore the greatest safe load will be ^^ of the results 
in the example. 

If beams are supported as described hereafter, the greatest 
safe loads and corresponding deflections will bear the given 
ratios to the tabulated loads and deflections, for the same 
length and section of beams. 
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Character of Beam, 



Fixed at one end, with 
the load concentrated 
at the other end. 



Fixed at one end, with 
the load uniformly dis- 
tributed. 



Rigidly fixed at both 
ends, with a load in 
the middle of beam. 



Rigidly fixed at both 
ends, with the load uni- 
formly distributed. 



Continuous beam loaded 
in middle. 



CJontinuous beam load 
uniformly distributed. 



Greatest Safe Load, 



One-eighth (J) part Three 
of the tabular 
load. 



One-fourth (J) part 
of the tabular 
load. 



Same as the tabu- 
lar load. 



One and one-half 
(IJ) times the 
tabular load. 



Same as the tabu- 
lar load. 



One and one-half 
(IJ) times the 
tabular load. 



Deflection, 



and one- 
fifth (3i) times 
the tabular de- 
flection. 

Two and two- 
fifths (2|) times 
the tabular de- 
flection. 



Four-tenths (,%) 
of the tabular 
deflection. 



Three- tenths 
(t%) of the 
tabular deflec- 
tion. 



Four-tenths (A) 
of the tabular 
deflection. 



Three- tenths 
(A) of the 
tabular deflec- 
tion. 



BEAMS WITH FIXED ENDS. 

By beams "rigidly fixed," as denoted in the previous 
table, we mean that the beam must be so securely fastened 
at both ends, by being built into solid masonry, or so firmly 
attaclied to an adjacent structure, tliat the connection would 
not be severed if the beam was exposed to its ultimate load. 
In this case the beam is of the same character as if con- 
tinuous over several supports, or as if consisting of two 
cantilevers, the space between whose ends was spanned by 
a separate beam. 

CONTINUOUS BEAMS. 

If a beam is continuous over several supports, and is 
equally loaded on each span, the greatest safe loads and the 
resulting deflections on any intermediate span will be as 
given in the preceding table. But the end spans of such 
a beam, being only semi continuous, must be either of a 
shorter span than the intermediates, or, if of the same 
length, the load must be diminished. 
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HORIZONTAL SHEARINa OF BEAMS. 

In beams of very short spans or beams with heavy loads 
concentrated near supports, when the bending moments will 
be small in comparison with the reactions at the supports, 
the beams may fail by longitudinal shearing. 

The intensity of the longitudinal shear at any section is 
the product of the vertical shear for that section and the 
statical moment of the section included between the plane 
of shear and the extreme fibres, divided by the product of 
the moment of inertia of the beam section and the thick- 
ness of the beam at the section where the shear is considered. 
The liability to horizontal shearing will not occur in beams 
for the lengths and loads given in the tables. 

The following table gives the lengths under which beams 
should be designed to resist longitudinal shear when uni- 
formly loaded to produce a fibre strain of 16,000 pounds per 
square inch, and are based on a working shearing stress of 
12,000 pounds per square inch. 



Size of Beam in 
Inches. 


Length of Span 
in Feet. 


Size of Beam in 
Inches. 


Length qf span 
inFeeL 


24 


9.0 


8 


4.3 


20 


7.3 


7 


3.9 


18 


6.9 


6 


3.7 


15 


6.0 


5 


3.0 


12 


5.6 


4 


2.6 


10 


5.0 


3 


2.1 


9 


4.8 




V 
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SPACINa AND DEFLECTION OF BEAMS. 

Thb proper spacing of beams depends on the amount and 
character of load and the length of span. Permissible de- 
flection as well as positive strength must be considered. If 
the load is motionless, and especially if the span is small 
in comparison with the depth of beam, it will be safe to 
proportion the beams for the '^greatest safe loads/' as in 
preceding tables. 

If, on the contrary, the floors are subject to vibration, or 
the action of moving loads, and especially if the span is 
great in proportion to depth of beam, it becomes necessary 
to consider the deflection, which may become so great as to 
be -a source of injury to the structure. It is considered 
good practice to limit the deflection to ^V ^^ ^^ i^^ch per 
foot of span, or the total deflection not to exceed ^^ part of 
the span. For I beams subjected to the loads given in the 
tables, this deflection occurs when the depth of the beam is 
about ^ of the span, or, approximately, twice the depth of 
the beam in inches gives the span in feet, having a deflection 
of tJt^. 

The following tables indicate for each beam this limita- 
tion for deflection. Those in heavy type above the dark 
line deflect less, and those in flne type below the same line 
deflect more than jijf of the span. If the spans are un- 
usually long, it is best to reduce the deflection below this 
limit, and maintain the depth of the beam not less than ^^^ 
of the span. It has been demonstrated that the greatest 
mass of people that can be packed on any floor will not 
exceed in weight 80 lbs. per square foot. The weight of 
the beams will depend on the span, for which see a general 
rule farther on. 

Within the limits of practical spans for rolled I beams, 
it will be found that a floor is safe for a packed mass of 
people when the beams are not strained above the " great- 
est safe load'* of the tables, under the following rating : 

I beam joists with wooden floor = 100 lbs. per sq. foot. 
Wooden floor and plastered ceilings = 110 " ** " 
4^^ brick arches and concrete filling =150 " " " 
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These figures represent the total weight of floor itself and 
the imposed load. 

Floors proportioned as follows for given purposes will be 
satisfactory. The weight of the material may be included 
in the figures. 



Character of Floor. 


Load per Square Foot, 


Uffhtest floors. dIqdIc coTeriDc 


100 lbs. 


LiKhteet floors, orick arches 


150 ** 


Ligbt warehouse floors, 

Ualls of audience, 

Warehouses in which heavy pieces are moyed, .... 
Shop floors for liirht machinery. 


200 " 
200 " 
250 « 
250 " 


8hop floors for heavy machinery. ...,,..- ^ r 


900 to 500 lbs. 







RULE FOR THE WEIGHT OF FLOOR BEAMS. 

The following rule gives a close approximation to the 
actual weight of floor beams, when the beams are propor- 
tioned according to the tables. 

Load per sq. ft. in Ihg. X square of span in ft. lbs. of beams per sq. ft. ol 
1000 X depth of boims in ins. — floor. 

Example. — A floor of 16 feet span bears 200 lbs. per sq. ft., 
required the weight of floor beams if 12^^ beams are used. 



200X256 
1000 X 12 



4.3 lbs. per sq. ft. of beams. 



To the foregoing must be added the weight of the ends of 
the beams built into the supports, or a length at each end 
about the same as at the depth of the beam. The following 
table gives the weights of beams per square foot of floor, for 
a load of 100 lbs. per square foot, the beams, as in the pre- 
ceding tables, subject to a stress of 16,000 lbs. per square 
inch. For greater floor loads the weight of beams increases 
in direct proportion. Thus, for a floor to carry 200 lbs. per 
square foot, the weight of floor beams will be twice that of 
the table. Also, if the floor beams are proportioned for a 
lower fibre stress, the weight of beams will increase in inverse 
ratio. 

Thus, if the fibre strain allowed is 12,000 lbs. per square 
inch, the weight of beams will be increased as 12 to 16, or 
one-third heavier than the table. 
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PENCOYD X BEAMS. 

UBAST TTEIGHT OF FL.OOB BEAMS IN POUNDS. 

For each square foot of floor, including ends at supports, based on a load of 

100 pounds per square foot of floor. 

For heayier loads, the weights of beams are proportionately increased. 



Size of 

I 

Beam 

Inches. 



24 



20 



18 



15 



12 



10 



9 



8 



Clear Span of Beams in Feet, 



8 



10 


12 


14 


16 


18 


20 


22 


24 


26 
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Least Weight of Floor Beams in Pounds. 



0.6 



0.7 



0.8 



0.9 



1.0 



1.1 



1.3 



0.6 


0.8 


0.7 


0.9 


0.7 


1.0 


0.8 


1.2 


1.0 


1.4 


1.1 


1.6 


1.2 


1.7 


1.3 


1.9 



1.5 



1.7 



2.0 



2.1 



2.4 



2.9 



1.1 



1.3 



1.4 



1.5 



1.8 



2.1 



2.3 



2.5 



2.9 



3.3 



4.0 



1.4 


1.7 


1.6 


2.0 


1.7 


2.2 


2.0 


2.5 


2.3 


2.9 
3.4 


2.7 



2.9 



3.2 



3.7 



4.2 



5.1 



3.7 



4.1 



4.7 



5.4 



6.4 



2.0 



2.4 



2.7 



3.0 



3.6 



4.1 



4.5 



5.1 



5.7 



6.4 



2.4 



2.9 



3.2 



3.6 



4.3 



5.0 



5.3 



6.0 



6.9 



2.9 



3.4 



3.7 



4^ 



5.1 



5.8 



6.4 



7.0 



3.3 



3.9 



4.3 



4.9 



5.9 



6.8 



3.8 



4.5 



5.0 



5.7 



6.8 
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24:" X BEAM— No. 240 B. 



80 POUNDS PER FOOT. 



Flaoge width 7.00 

Web thickness 60 



Area in square inches . 
Resistance 



23.68 
175.95 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load will be i^ of the tabular deflection. 
For figures in small type deflection is exceesiYe. 



in 
Feet, 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Greatest 
Safe Load 

in 
Net Tons. 



93-84 
S5.31 
78,20 

72.18 
67.03 
62.56 

58.65 
55.20 
52.13 

49.39 
46.92 
44.69 

42.65 
40.80 
39.10 

37.54 
36 09 
34.76 

33.51 
32.36 
31.28 

30.27 
29.33 
28.44 



De/Uedon 
in Inches. 



.07 
.09 
.10 

.12 
.14 
.16 

.18 
.21 
.23 

.26 
.29 
.31 

.35 
.38 
.41 

.45 
.48 
.52 

.56 
.60 
.64 

.69 
.73 
.78 



Oreatest Distance in Fiet Between Oontres of 
Beams for DistribiUed Load as Below, 



100 

Founds 

perSqucare 

Foot. 



vsn.i 

155.1 
130.3 

111.0 
95.8 
83.4 

73.3 
64.9 
57.9 

52.0 
46.9 
42.6 

38.8 
35.5 
32.6 

30.0 
27.8 
25.7 

23.9 
22.3 
20.9 

19.5 
18.3 
17.2 



125 

Founds 

per Square 

Foot. 



150.1 
124.1 
104.3 

88.8 
76.6 
66.7 

58.7 
52.0 
46.3 

41.6 
37.5 
34.0 

31.0 
28.4 
26.1 

24.0 
22.2 
20.6 

19.1 
17.9 
16.7 

15.6 
14.7 
13.8 



160 

Pounds 

per Square 

Foot. 



125.1 

103.4 

86.9 

74.0 
63.8 
55.6 

48.9 
43.3 
38.6 

34.7 
31.3 
28.4 

25.8 
23.7 
21.7 

20.0 
18.5 
17.2 

16.0 
14.9 
13.9 

13.0 
12.2 
11.5 



176 

Founds 

perSquare 

Foot, 



107.2 
88.6 
74.5 

63.5 
54,7 
47.7 

41.9 
37.1 
33.1 

29.7 
26.8 
24.3 

22.2 
20.3 
18.6 

17.2 
15.9 
14.7 

13.7 
12.8 
11.9 

11.2 

10.5 

9.8 



N. B. — For loads given in Italics webs must be stiffened, or loads muQt not 
;:cced maximum loads given in column XV, pages 197 to Ibtf, 
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24" X BEAM— No. 241 B. 



85 POUNDS P£B FOOT. 



Flange width 7.22 

Web thickness . . < M 



Area in square inches . 
Besistance . . ..... . 



26.00 
181.81 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load will be j^ of the tabular deflection. 
Fo* figures in small type deflection is excessive. 



Sfpan 
Feet, 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Greatest 
Safe Load 

in 
Net Tons, 



96.96 
88.15 
80.80 

74.58 
69.26 
64.64 

60.60 
57.03 
53.87 

51.03 
48.48 
46.17 

44.07 
42.16 
40.40 

38.79 
37.29 
35.91 

34.63 
33.44 
32.32 

31.28 
30.30 
29.38 



DffleeHim 
in Inches. 



.07 
.09 
.10 

.12 
.14 
.16 

.18 
.21 
.23 

.26 
.29 
.31 

.35 
.38 
.41 

.45 
.48 
.52 

.56 
.60 
.64 

.69 
.73 
.78 



Greatest Distance in Feet Between Centres of 
Beams for Distributed Load as Below. 



100 

Founds 

per Square 

FooU 



193.9 
160.3 
134.7 

114.7 
9o.9 
86.2 

75.8 
67.1 
59.9 

53.7 
48.5 
44.0 

40.1 
36.7 
33.7 

31.0 
28.7 
26.6 

24.7 
23.1 
21.5 

20.2 
18.9 
17.8 



125 

Founds 

per Square 

FooL 



155.1 
128.2 
107.7 

91.8 
79.2 
68.9 

60.6 
53.7 
47.9 

43.0 
38.8 
35.2 

32.1 
29.3 
26.9 

24.8 
22.9 
21.3 

19.8 
18.5 
17.2 

16.1 
15.2 
14.3 



160 

Founds 

per Square 

Foot. 



129.3 

106.8 

89.8 

76.5 
66.0 
57.5 

50.5 
44.7 
39.9 

35.8 
32.3 
29.3 

26.7 
24.4 
22.4 

20.7 
19.1 
17.7 

16.5 
15.4 
14.4 

13.5 
12.6 
11.9 



175 

Founds 

per Square 

Foot. 



110.8 
91.6 
77.0 

65.6 
56.5 
49.2 

43.3 
38.3 
34.2 

30.7 
27.7 
25.1 

22.9 
21.0 
19.2 

17.7 
16.4 
15.2 

14.1 
13.2 
12.3 

11.5 
10.8 
10.2 



+ 
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24^ X BEAM— No. 242 B. 



90 POUNDS PER FOOT. 



Flange width 7.42 

Web thickness. 0.66 



Area in square inches • 
Resistance 



26.47 
196.4 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be ^ of the tabular deflection. 

For figures in small type deflection is excessive. 



in 
FteU 


Oreaiesl 
Soife Load 

in 
Net Tons. 


DefleeUan 
inlrtehes. 


OreaUst Distance in Feet Between Centres (^ 
Beams for Distributed Load as Below. 


100 

Pounds 

per Square 

Foot. 


125 

Pmmds 

per Square 

Foot. 


160 

Pounds 

per Square 

Foot, 


175 

Pounds 

per Square 

Foot. 


10 
11 
12 


104.74 
95.22 
87.29 


.07 
.09 
.10 


209.5 
173.1 
145.5 


167.6 
138.5 
116.4 


139.7 

115.4 

97.0 


119.7 
98.9 
83.1 


13 
14 
15 


80.57 
74.82 
69.83 


.12 
.14 
.16 


124.0 
106.9 
.93.1 


99.2 
85.5 
74.5 


82.6 
71.3 
62.1 


70.8 
61.1 
53.2 


16 
17 
18 


65.47 
61.61 
58.19 


.18 
.21 
.23 


81.8 
72.5 
64.7 


65.5 
58.0 
51.7 


54.6 
48.3 
43.1 


46.8 
41.4 
36.9 


19 
20 
21 


55.13 
52.37 
49.88 


.26 
.29 
.31 


58.0 
52.4 
47.5 


46.4 
41.9 
38.0 


38.7 
34.9 
31.7 


33.2 
29.9 
27.1 


22 
23 
24 


47.61 
45.54 
43.64 


.35 
.38 
.41 


43.3 
39.6 
36.4 


34.6 
31.7 
29.1 


28.8 
26.4 
24.2 


24.7 
22.6 
20.8 


25 
26 
27 


41.90 
40.29 
38.79 


.45 
.48 
.52 


33.5 
31.0 
28.7 


26.8 
24.8 
23.0 


22.3 
20.7 
19.2 


19.1 
17.7 
16.4 


28 
29 
30 


37.41 
36.12 
34.92 


.56 
.60 
.64 


26.7 
24.9 
23.3 


21.4 
19.9 
18.6 


17.8 
16.6 
15.5 


15.3 
14.2 
13.3 


31 
32 
33 


33.79 
32.73 
31.74 


.69 
.73 
.78 


21.8 
20.5 
19.2 


17.4 
16.4 
15.4 


14.5 
13.6 
12.8 


12.5 
11.7 
11.0 



N. B. — For loads given in Italics webs must be stiffened, or loads must not 
exceed maximum loads given in columns XV, |>ages 187 to 189. 
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24' X BEAM— No. 243 B. 



95 POUNDS VEXL FOOT. 

FUnge iridth 7.45 I Area in square inches . 

Web thickness 59 | Besistance 



27.98 
202.8 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -^ of the tabular deflection. 

For figures in small type deflection is excessive. 




10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Greatest 




Safe Load 


Deflection 


in 


in Inches. 


Net Tons. 




107.87 


.07 


98.06 


.09 


89.89 


.10 


82.96 


.12 


77.05 


.14 


71.91 


.16 


67.42 


.18 


63.45 


.21 


59.93 


.23 


66.77 


.26 


53.93 


.29 


51.37 


.31 


49.03 


.35 


46.90 


.38 


44.94 


.41 


43.15 


.45 


41.49 


.48 


39.95 


.52 


38.52 


.56 


37.20 


.60 


35.96 


.64 


34.80 


.69 


33.71 


.73 


32.69 


.78 



Oreatest Distanee in Feet Between Centres of 
Beams for Distributed Load as Below. 



100 

Pounds 

per Square 

Foot. 



215.7 
178.3 
149.8 

127.7 

110.1 

95.9 

84.3 
74.6 
66.6 

59.8 
53.9 
48.9 

44.6 
40.8 
37.5 

34.5 
31.9 
29.6 

27.5 
25.7 
24.0 

22.5 
21.1 
19.8 



125 

Pounds 

per Square 

Foot. 



172.6 
142.6 
119.9 

102.1 
88.1 
76.7 

67.4 
69.7 
53.3 

47.8 
43.1 
39.2 

35.7 
32.6 
30.0 

27.6 
25.5 
23.7 

22.0 
20.5 
19.2 

18.0 
16.9 
15.9 



150 

Pounds 

per Square 

Foot, 



143.8 

118.9 

99.9 

85.1 
73.4 
63.9 

56.2 
49.8 
44.4 

39.8 
36.0 
32.6 

29.7 
27.2 
25.0 

23.0 
21.3 
19.7 

18.3 
17.1 
16.0 

15.0 
14.0 
13.2 



175 

Pounds 

per Square 

Foot. 



123.3 

101.9 

85.6 

73.0 
62.9 
54.8 

48.2 
42.7 
38.1 

34.3 
30.8 
28.0 

25.5 
23.3 
21.4 

19.7 
18.2 
16.9 

15.7 
14.7 
13.7 

12.8 
12.0 
11.3 
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24'' Z BEAM— No. 244 B. 



100 POUNIM PKB FOOT. 



Flange width 7.69 

Web thickness 



69 I 



Area in sqaare inches 
Beslstanoe 



29.41 
206.1 



Greatest safe load in net tons uniformlj disiribated. Fibre stress 16,000 Iba. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be ^ of the tabular deflection. 

For figures in small type deflection is ezcesslTe. 



Span 

ia 
Feet. 


OreaUst 




Greaiett Distance in Feet Between Centres of 
Beams/or Distributed ixHid as Below. 


iSaJe Load 

in 
Net Ton». 


Deflection 
in Inches, 


100 

JPaunds 

per Square 

Foot. 


125 

Fiounds 

perSquare 

FooL 


150 

Pounds 

perSquare 

Foot. 


175 

Founds 

per Square 

Jibot. 


10 
11 
12 


110.99 

100.90 

92.49 


sn 

.09 
.10 


222.0 
183.5 
154.2 


177.6 
146.8 
123.3 


148.0 
122.3 
102.8 


126.8 

104.8 

88.1 


13 
14 
15 


85.38 
79.28 
73.99 


.12 
.14 
.16 


131.4 

113.3 

98.7 


105.1 
90.6 
78.9 


87.6 
75.5 
65.8 


75.1 
64.7 
56.4 


16 
17 
18 


69.37 
65.29 
61.66 


.18 
.21 
.23 


86.7 
76.8 
68.5 


69.4 
61.5 
54.8 


57.8 
51.2 
45.7 


49.6 
43.9 
39.1 


19 
20 
21 


58.42 
55.50 
52.85 


.26 
.29 
.31 


61.5 
55.5 
50.3 


49.2 
44.4 
40.3 


41.0 
37.0 
33.6 


35.1 
31.7 
28.8 


22 
23 
24 


50.45 
48.26 
46.25 


.35 
.38 
.41 


45.9 
42.0 
38.5 


36.7 
33.6 
30.8 


30.6 
28.0 
25.7 


26.2 
24.0 
22.0 


25 
26 
27 


44.40 
42.69 
41.11 


.45 
.48 
.52 


35.5 
32.8 
30.5 


28.4 
26.3 
24.4 


23.7 
21.9 
20.3 


20.3 
18.8 
17.4 


28 
29 
30 


39.64 
38.27 
37.00 


.56 
.60 
.64 


28.3 
26.4 
24.7 


22.7 
21.1 
19.7 


18.9 
17.6 
16.5 


16.2 
15.1 
14.1 


31 
32 
33 


35.80 
34.68 
33.63 


.69 
.73 
.78 


23.1 
21.7 
20.4 


18.5 
17.3 
16.3 


15.4 
14.5 
13.6 


13.2 
12.4 
11.6 



IT 



20'' Z BEAM— No. 200 B. 



65 POimDS FEB FOOT. 



Flange width. 6.25 

Web thickness 60 



Area in square inchea 
Bfesistance 



. 19.12 
IIT.OT 



Greatest safe load in net tons uniformlj distributed. Fibre streu 16,000 Ibe. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be ^ of the tabular deflection. 

For figures in small tjpe deflection is exoesslye 



in 


Cfreatest 
Safe Load 


Deflection 


Feet. 


in 
NetTwu. 


in Inches. 


10 


62.92 


.09 


11 


57.20 


.10 


12 


52.43 


.12 


13 


48.40 


.14 


14 


44.94 


.17 


15 


41.95 


.19 


16 


39.33 


.22 


17 


37.01 


.25 


18 


34.95 


.28 


19 


33.11 


.31 


20 


31.46 


.34 


21 


29.96 


.38 


22 


28.60 


.41 


23 


27.36 


.45 


24 


26.22 


.49 


25 


25.17 


.54 


26 


24.20 


.58 


27 


23.30 


.62 


28 


22.47 


.87 


29 


21.70 


.72 


30 


20.97 


.77 


31 


20.30 


.82 


32 


19.66 


.88 


33 


19.07 


.93 



Greatest Distance in Feet Between Centres qf 
Beams for Distributed Load as Below. 



100 

Pounds 

per Square 

Foot. 



125.8 

104.0 

87.4 

74.5 
64.2 
55.9 

49.2 
43.5 
38.8 

34.9 
31.5 
28.5 

26.0 
23.8 
21.9 

20.1 
18.6 
17.3 

16.1 
15.0 
14.0 

13.1 
12.3 
11.6 



126 

Pounds 

per Square 

Foot. 



100.7 
83.2 
69.9 

59.6 
51.3 
44.7 

39.3 
34.8 
31.1 

27.9 
25.2 
22.8 

20.8 
19.0 
17.5 

16.1 
14.9 
13.8 

12.8 
12.0 
11.2 

10.5 
9.8 
9.2 



160 

Pounds 

per Square 

Ibot. 



83.9 
69.3 
58.3 

49.6 
42.8 
37.3 

32.8 
29.0 
25.9 

23.2 
21.0 
19.0 

17.3 
15.9 
14.6 

13.4 
12.4 
11.5 

10.7 

10.0 

9.3 

8.7 
8.2 
7.7 



176 

Pounds 

per Square 

Fbot. 



71.9 
59.4 
49.9 

42.6 
36.7 
32.0 

28.1 
24.9 
22.2 

19.9 
18.0 
16.3 

14.9 
13.6 
12.5 

11.5 

10.6 

9.9 

9.2 
8.6 
8.0 

7.5 
7.0 
6.6 
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9(y I BEAM— No. 201 B. 



70 P017NI>S FEB FOOT. 



Flange width 6.27 

Web thickness 57 



Area in square inches . 
Resistance ....... 



20.09 
122.90 



Greatest safe load in net tons uniformlj distribated. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be yV of ^® tabular deflection. 

For figures in small type deflection is excessiye. 



Span 
in 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 

23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Oreaiett 




Safe Load 


DefiecHm 


in 


in Inches. 


Net Tom. 




65.55 


.09 


59.59 


.10 


54.63 


.12 


50.42 


.14 


46.82 


.17 


43.70 


.19 


40.97 


.22 


38.56 


.25 


36.42 


.28 


34.50 


.31 


32.78 


.34 


31.21 


.38 


29.80 


.41 


28.50 


.45 


27.31 


.49 


26.22 


.54 


25.21 


.58 


24.28 


.62 


23.41 


.67 


22.60 


.72 


21.85 


.77 


21.14 


.82 


20.48 


.88 


19.86 


.93 



Oreaiest Distance in FM Between Centres qf 
Beams /or Distributed Load as Below. 



100 

Pounds 

per Square 

Foou 



131.1 

108.3 

91.1 

77.6 
66.9 
58.3 

51.2 
45.4 
40.5 

36.3 
32.8 
29.7 

27.1 
24.8 
22.8 

21.0 
19.4 
18.0 

16.7 
15.6 
14.6 

13.6 
12.8 
12.0 



126 

Founds 

per Square 

Foot. 



104.9 
86.7 
72.8 

62.1 
53.5 
46.6 

41.0 
36.3 
32.4 

29.1 
26.2 
23.8 

21.7 
19.8 
18.2 

16.8 
15.5 
14.4 

13.4 
12.5 
11.7 

10.9 

10.2 

9.6 



160 

Pounds 

per Square 

Fbot. 



87.4 
72.2 
60.7 

51.7 
44.6 
38.8 

34.1 
30.2 
27.0 

24.2 
21.9 
19.8 

18.1 
16.5 
15.2 

14.0 
12.9 
12.0 

11.1 

10.4 

9.7 

9.1 
8.5 
8.0 



176 

Pounds 

per Square 

Foot. 



74.9 
61.9 
52.0 

44.3 
38.2 
33.3 

29.3 
25.9 
23.1 

20.8 
18.7 
17.0 

15.5 
14.2 
13.0 

12.0 
11.1 
10.3 

9.6 
8.9 
8.3 

7.8 
7.3 
6.9 
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20' X BEAM— No. 202 B. 



75 POUXDS PKR FOOT. 



Flange width . 
Web thickness. 



6.89 
0.64 



Area in square inches 
Besistance 



22.06 
127.77 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be 3^ of the tabular deflection. 

For figures in small type deflection is excessive. 



in 
Feel, 


Greatest 
Sa^e Load 

in 
Net Tons. 


Deflection 
in Inches. 


Cfreatest Distance in F^t Between Centres of 
Beams for Distributed Load as Below. 


100 

Pounds 

per Square 

Foot. 


125 

Pounds 

per Square 

Foot. 


150 

Pounds 

per Square 

Foot. 


175 

Pounds 

per Square 

Foot. 


10 
11 
12 


68.15 


' .09 
.10 
.12 


136.3 

112.6 

94.7 


109.0 
90.1 
75.7 


90.9 
75.1 
63.1 


64.4 
54.1 


13 
14 
15 


52.42 
48.68 
45.43 


.14 
.17 
.19 


80.7 
69.5 
60.6 


64.5 
55.6 
48.5 


53.8 
46.4 
40.4 


46.1 
39.7 
34.6 


16 
17 
18 


42.59 
40.08 
37.86 


.22 

.25 
.28 


58.2 
47.2 
42.1 


42.6 
37.7 
33.7 


35.5 
31.4 
28.0 


. 30.4 
26.9 
24.0 


19 
20 
21 


35.87 
34.07 
32.45 


.31 
.34 
.38 


37.7 
34.1 
30.9 


30.2 
27.3 
24.7 


25.2 
22.7 
20.6 


21.6 
19.5 
17.7 


22 
23 
24 


30.98 
29.63 
28.39 


.41 
.45 
.49 


28.2 
25.8 
23.7 


22.5 
20.6 
18.9 


18.8 
17.2 
15.8 


16.1 
14.7 
13.5 


2b 
26 
27 


27.26 
26.21 
25.24 


.54 
.58 
.62 


21.8 
20.2 
18.7 


17.4 
16.1 
15.0 


14.5 
13.4 
12.5 


12.5 
11.5 
10.7 


28 
29 
30 


24.33 
23.b0 
22.72 


.67 
.72 
.77 


17.4 
16.2 
15.1 


13.9 
13.0 
12.1 


11.6 
10.8 
10.1 


9.9 
9.3 
8.7 


31 
32 
33 


21.98 
21.30 
20.65 


.82 
.88 
.93 


14.2 
13.3 
12.5 


11.3 
10.7 
10.0 


9.5 
8.9 
8.3 


8.1 
7.6 
7.2 
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20' X BEAM— No. 203 B. 



80 POUNDS PER FOOT. 



Flange width . 
W^eb thickness. 



6.75 
0.68 



Area in square inches 
Besistance , 



23.53 
140.44 



Greatest safe load in net tons uniformlj distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -^ of the tabular deflection. 

For figures in small type deflection is excessiye. 



Span 

in 
FeeL 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Greatest 




HqfeLoad 


Deflection 


in 


in Inches, 


Net Tims. 




74.90 


.09 


68.09 


.10 


62.42 


.12 


57.62 


.14 


53.50 


.17 


49.93 


.19 


46.81 


.22 


44.06 


.25 


41.61 


.28 


39.42 


.31 


37.45 


.34 


35.67 


.38 


34.05 


.41 


32.57 


.45 


31.21 


.49 


29.96 


.54 


28.81 


.58 


27.74 


.62 


26.75 


.67 


25.83 


.72 


24.97 


.77 


24.16 


.82 


23.41 


.88 


22.70 


.93 



Greatest Distance in Feet Between Centres of 
Beams for Distributed Load as Below, 



100 

Founds 

per Square 

Foot, 



149.8 
123.8 
104.0 

88.6 
76.4 
66.6 

58.5 
51.8 
46.2 

41.5 
37.5 
34.0 

31.0 
28.3 
26.0 

24.0 
22.2 
20.5 

19.1 
17.8 
16.6 

15.6 
14.6 
13.8 



126 

J^ninds 

per Square 

Foot, 



119.8 
99.0 
83.2 

70.9 
61.1 
53.3 

46.8 
41.5 
37.0 

33.2 
30.0 
27.2 

24.8 
22.7 
20.8 

19.2 
17.7 
16.4 

15.3 
14.3 
13.3 

1Z5 
11.7 
11.0 



150 

Founds 

per Square 

Foot. 



99.9 
82.5 
69.4 

59.1 
51.0 
44.4 

39.0 
34.6 
30.8 

27.7 
25.0 
22.6 

20.6 
18.9 
17.3 

16.0 
14.8 
13.7 

12.7 
11.9 
11.1 

10.4 
9.8 
9.2 



175 

I\ntnds 

per Square 

F)ot. 



85.6 
70.7 
59.4 

50.7 
43.7 
38.0 

33.4 
29.6 
26.4 

23.7 
21.4 
19.4 

17.7 
16.2 
14.9 

13.7 
12.7 
11.7 

10.9 

10.2 

9.5 

8.9 
8.4 
7.9 
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20' I BEAM— No. 204 B. 

85 POlJia>S PER FOOT. 

Flange width 6.76 I Area in square inches 25.00 

Web thickness 68 I Besistance 145.31 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be iV o' ^^ tabular deflection. 

For figures in small type deflection is excessive 



in 
FeeU 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Greatest 




Safe Load 


Deflection 


in 


in Inches. 


Net Tons. 




71,50 


.09 


70.45 


.10 


64.58 


.12 


59.61 


.14 


55.36 


.17 


51.67 


.19 


48.44 


.22 


45.59 


.25 


43.06 


.28 


40.79 


.31 


38.75 


.34 


36.90 


.38 


35.23 


.41 


33.69 


.45 


32.29 


.49 


31.00 


.54 


29.81 


.58 


28.70 


.62 


27.68 


.67 


26.72 


.72 


25.83 


.77 


25.00 


.82 


24.22 


.88 


23.48 


.93 



Greatest Distance in Feet Between Centres of 
Beams for Distributed Load as Below. 



100 

Pounds 

perSqiMre 

Foot. 



155.0 
128.1 
107.6 

91.7 
79.1 
68.9 

60.6 
53.6 
47.8 

42.9 
38.8 
35.1 

32.0 
29.3 
26.9 

24.8 
22.9 
21.3 

19.8 
18.4 
17.2 

16.1 
15.1 
14.2 



125 

Pownds 

per Square 

Foot. 



124.0 

102.5 

86.1 

73.4 
63.3 
55.1 

48.4 
42.9 
38.3 

34.4 
31.0 
28.1 

25.6 
23.4 
21.5 

19.8 
18.3 
17.0 

15.8 
14.7 
13.8 

12.9 
12.1 
11.4 



ISO 

Pounds 

per Square 

Foot. 



103.3 
85.4 
71.8 

61.1 
52.7 
45.9 

40.4 
35.8 
31.9 

28.6 
25.8 
23.4 

21.4 
19.5 
17.9 

16.5 
15.3 
14.2 

13.2 
12.3 
11.5 

10.8 

10.1 

9.5 



176 

Pounds 

per Square 

Foot. 



88.6 
73.2 
61.5 

52.4 
45.2 
39.4 

34.6 
30.6 
27.3 

24.5 
22.1 
20.1 

18.3 
16.7 
15.4 

14.2 
13.1 
12.2 

11.3 

10.5 

9.8 

9.2 
8.7 
8.1 



^9 



20^" X BEAM— No. 205 B. 

90 POUNDS PER FOOT. 

FlaDge width 6.88 I Area in square inchee 26.47 

Web thickness 70 | Besistanoe 160.17 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be xV ^^ ^® tabular deflection. 

For figures in small type deflection is exoessive. 



in 
Feet. 


Greatest 
Safe Load 

in 
Net Tons 


Deflection 
in Inches. 


Greatest Distance in Feet Between Centres qf 
Beams for Distributed jAtad as Below. 


100 
Pmmds 


126 
Pounds 


150 
Founds 


175 
Pounds 








per Square 
Foot. 


per Square 
Foot. 


per Square 
Foot. 


per Square 
Foot. 


10 


80.09 


.09 


160.2 


128.1 


106.8 


91.5 


11 


72.81 


.10 


132.4 


105.9 


88.3 


75.7 


12 


66.74 


.12 


111.2 


89.0 


74.2 


63.6 


13 


61.61 


.14 


94.8 


75.8 


63.2 


54.2 


14 


57.21 


.17 


81.7 


65.4 


54.5 


46.7 


15 


53.39 


.19 


71.2 


57.0 


47.5 


40.7 


16 


50.06 


.22 


62.6 


50.1 


41.7 


35.8 


17 


47.11 


.25 


55.4 


44.3 


37.0 


31.7 


18 


44.50 


.28 


49.4 


39.6 


33.0 


28.3 


19 


42.15 


.31 


44.4 


35.5 


29.6 


25.4 


20 


40.05 


.34 


40.1 


32.0 


26.7 


22.9 


21 


38.14 


.38 


36.3 


29.1 


24.2 


20.8 


22 


36.41 


.41 


33.1 


26.5 


22.1 


18.9 


23 


34.82 


.45 


30.3 


24.2 


20.2 


17.3 


24 


33.37 


.49 


27.8 


22.2 


18.5 


15.9 


25 


32.04 


.54 


25.6 


20.5 


17.1 


14.6 


26 


30.80 


.58 


23.7 


19.0 


15.8 


13.5 


27 


29.66 


.62 


22.0 


17.6 


14.6 


12.6 


28 


28.60 


.67 


20.4 


16.3 


13.6 


11.7 


29 


27.62 


.72 


19.0 


15.2 


12.7 


10.9 


30 


26.70 


.77 


17.8 


14.2 


11.9 


10.2 


31 


25.84 


.82 


16.7 


13.3 


11.1 


9.5 


32 


25.03 


.88 


15.6 


12.5 


10.4 


8.9 


33 


24.27 


.93 


14.7 


11.8 


9.8 


8.4 
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20' Z B£AM— No. 206 B. 



95 POUNDS FBR FOOT. 



Flange width 6.95 

Web thickness .77 



Area in square inches 
Resistance 



27.9^ 
160. IS 



Greatest safe load in net tons uniformlf distributed. Fibre stress 16,000 lbs 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -^ of the tabular deflection. 

For figures in small type deflection is excesslTe. 



Span 

in 
Feet. 


Greaiest 
Safe Load 

in 
Net Tons. 


Deflection 
in Inches. 


Greatest Distance in Feet Between Centres oj 
Beams for DistribtUed Load as Below. 


100 

Founds 

per Square 

FooL 


125 

Pounds 

per Square 

Foot. 


150 

Pounds 

per Square 

Foot. 


175 

Pounds 

per Square 

Foot. 


10 
11 
12 


86.41 
78.55 
72.00 


.09 
.10 
.12 


172.8 
142.8 
120.0 


138.3 

114.3 

96.0 


115.2 
95.2 
80.0 


98.8 
81.6 
68.6 


13 
14 
15 


66.47 
61.72 
bV.60 


.14 
.17 
.19 


102.3 
88.2 
76.8 


81.8 
70.5 
61.4 


68.2 
58.8 
51.2 


58.4 
50.4 
43.9 


16 
17 
18 


54.00 
50.83 
48.00 


.22 
.25 
.28 


67.5 
59.8 
53.3 


54.0 
47.8 
42.7 


45.0 
39.9 
35.6 


38.6 
34.2 
30.5 


19 
20 
21 


45.48 
43.20 
41.15 


.31 
.34 
.38 


47.9 
43.2 
39.2 


38.3 
34.6 
31.4 


31.9 
28.8 
26.1 


27.4 
24.7 
22.4 


22 
23 
24 


39.28 
37.57 
36.00 


.41 
.45 
.49 


35.7 
32.7 
30.0 


28.6 
26.1 
24.0 


23.8 
21.8 
20.0 


20.4 
18,7 
17.1 


25 
26 
27 


34.56 
33.23 
32.00 


.54 
.58 
.62 


27.6 
25.6 
23.7 


22.1 
20.5 
19.0 


18.4 
17.0 
15.8 


15.8 
14.6 
13.5 


28 
29 
30 


30.86 
29.79 
28.80 


.67 
.72 
.77 


22.0 
20.5 
19.2 


17.6 
16.4 
15.4 


14.7 
13.7 
12.8 


12.6 
11.7 
11.0 


31 
32 
33 


27.87 
27.00 
26.18 


.82 
.88 
.93 


18.0 
16.9 
15.0 


14.4 
13.5 
12.7 


12.0 
11.3 
10.6 


10.3 
9,6 
9.1 



20" X BEAM— No. 207 B. 



100 POUN1>S FEB FOOT. 



nnngevidth 7 0S 

Web thickness 85 



Area in square inches . 
Besistance 



29.41 
164.96 



Greatest safe load in net tons uniformlj distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be yV <>' ^® tabular deflection. 

For figures in small type deflection is excessiye. 



Greatest 
SttfeLoad 

Net Toms, 


Deflection 
in Inches. 


88.98 
80.89 
74.15 


.09 
.10 
.12 


68.44 
63.56 
59.32 


.14 
.17 
.19 


55.61 
52.34 
49.43 


.22 
.25 
.28 


46.83 
44.49 
42.37 


.31 
.34 


40.44 
38.69 


.41 
.45 
.49 


35.59 
34.22 
32.95 


.54 
.58 
.62 


31.78 
30.68 
29.66 


.67 
.72 
.77 


28.70 
27.81 
26.96 


.82 
.88 
.93 



Greatest Distance in Fset Between Centres cf 
Beams for Distributed Load as Below. 



100 

Povmds 

yar Square 

FooU 



178.0 
147.1 
123.6 

105.3 
90.8 
79.1 

69.5 
61.6 
54.9 

49.3 
44.5 
40.4 

36.8 
33.6 
30.9 

28.5 
26.3 
24.4 

22.7 
21.2 
19.8 

18.5 
17.4 
16.3 



125 

Pounds 

per Square 

FaoU 



142.4 

117.7 

98.9 

84.2 
72.6 
63.3 

65.6 
49.3 
43.9 

39.4 
35.6 
32.3 

29.4 
26.9 
24.7 

22.8 
21.1 
19.5 

18.2 
16.9 
15.8 

14.8 
13.9 
13.1 



100 

Pounds 

per Square 

Ibot. 



118.6 
98.0 
82.4 

70.2 
60.5 
52.7 

46.3 
41.1 
36.6 

32.9 
29.7 
26.9 

24.5 
22.4 
20.6 

19.0 
17.6 
16.3 

15.1 
14.1 
13.2 

12.3 
11.6 
10.9 



175 

Pounds 

per Square 

Pool. 



101.7 
84.1 
70.6 

60.2 
51.9 
45.2 

39.7 
35.2 
31.4 

28.2 
25.4 
23.1 

21.0 
19.2 
17.7 

16.3 
15.0 
13.9 

13.0 
12.1 
11.3 

10.6 
9.9 
9.3 



42 



18' 1 BEAM— No. 180 B. 



ff5 POUNDS F£R FOOT. 



Flange width . 
Web thickness. 



6.00 
0.46 



Ares in square inches. 
Resistance. 



16.18 
89.89 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load will be yV o' ^^® tabular deflection. 
For figures in smidi type deflection is excessive. 



Span 
in 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Greatest 




SqfeLoad 
in 


Diction 
ii^ Inches. 


Net Tons. 




47.94 


.10 


43.58 


.12 


39.95 


.14 


36.88 


.16 


34.24 


.19 


31.96 


.21 


29.97 


.24 


28.20 


.28 


26.64 


.31 


25.23 


.34 


2&sn 


.38 


22.83 


.42 


21.79 


.46 


20.85 


.50 


19.98 


.55 


19.18 


.60 


18.44 


.64 


17.76 


.69 


17.12 


.75 


16.53 


.80 


15.98 


.86 


15.47 


.92 


14.98 


.98 


14.53 


1.04 



Greatest Distance in Feet Between Centres qf 
Beams for Distributed Load as Below, 



100 

Pounds 

per Square 

Foot. 



95.9 
79.2 
66.6 

56.7 
48.9 
42.6 

37.5 
33.2 
29.6 

26.6 
24.0 
21.7 

19.8 
18.1 
16.7 

15.3 
14.2 
13.2 

12.2 
11.4 
10.7 

10.0 
9.4 
8.8 



125 

Pounds 

per Sqitare 

Foot. 



76.7 
63.4 
53.3 

45.4 
39.1 
34.1 

30.0 
26.5 
23.7 

21.2 
19.2 
17.4 

15.8 
14.5 
13.3 

12.3 
11.3 
10.5 

9.8 
9.1 
8.5 

8.0 
7.5 
7.0 



150 

Pounds 

per Square 

Foot. 



63.9 
52.8 
44.4 

37.8 
32.6 
28.4 

25.0 
22.1 
19.7 

17.7 
16.0 
14.5 

13.2 
12.1 
11.1 

10.2 
9.5 
8.8 

8.2 
7.6 
7.1 

6.7 
6.2 
5.9 



175 

Pounds 

per Square 

Foot. 



54.8 
45.3 
38.0 

32.4 
28.0 
24.4 

21.4 
19.0 
16.9 

15.2 
13.7 
12.4 

11.3 

10.4 

9.5 

8.8 
8.1 
7.5 

7.0 
6.5 
6.1 

5.7 
5.4 
5.0 
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18'' I BEAM— No. 181 B. 



60 POUNDS PER FOOT. 



Flange width . 
Web thickness. 



6.08 
0.54 



Area in square inches. 
Besistance 



17.65 
94.48 



Greatest safe load in net tons uniformlj distributed. Fibre stress 16,000 Vbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be yV of the tabular deflection. 

For figures in small type deflection is excessiye. 



in 
FeeL 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 

26 
27 

28 
29 
30 

31 
32 
33 



Greatest 




SaSe Load 


Detection 


in 


in Inches. 


Net Tom. 




50.36 


.10 


45.78 


.12 


41.97 


.14 


38.74 


.16 


35.98 


.19 


33.58 


.21 


31.48 


.24 


29.63 


.28 


27.98 


.31 


26.51 


.34 


25.18 


.38 


23.98 


.42 


22.89 


.46 


21.90 


.50 


20.99 


.55 


20.15 


.60 


19.37 


.64 


18.65 


.69 


17.99 


.75 


17.37 


.80 


16.79 


.86 


16.25 


.92 


15.74 


.98 


15.26 


1.04 



Oreatest Distance in Feet Between Centres qf 
Beams/or Distribitted Load as Below. 



100 

Founds 

per Square 

Foot. 



100.7 
83.2 
70.0 

59.6 
51.4 
44.8 

39.4 
34.9 
31.1 

27.9 
25.2 
22.8 

20.8 
19.0 
17.5 

16.1 
14.9 
13.8 

12.8 
12.0 
11.2 

10.5 
9.8 
9.2 



125 

Founds 

per Square 

Foot. 



80.6 
66.6 
56.0 

47.7 
41.1 
35.8 

31.5 
27.9 
24.9 

22.3 
20.1 
18.3 

16.6 
15.2 
14.0 

12.9 
11.9 
11.1 

10.3 
9.6 
9.0 

8.4 
7.9 
7.4 



150 

^mnds 

per Square 

Foot. 



67.1 
55.5 
46.6 

39.7 
34.3 
29.8 

26.2 
23.2 
20.7 

18.6 
16.8 
15.2 

13.9 
12.7 
11.7 

10.7 
9.9 
9.2 

8.6 
8.0 
7.5 

7.0 
6.6 
6.2 



175 

J\nmds 

per Square 

Foot. 



57.6 
47.6 
40.0 

34.1 
29.4 
25.6 

22.5 

19.9 
17.8 

15.9 
14.4 
13.1 

11.9 
10.9 
10.0 

9.2 
8.5 
7.9 

7.3 
6.8 
6.4 

6.0 
5.6 
5.3 
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18'' X BEAM— No. 182 B. 



65 FOU10>S P£B FOOT. 



Flange iridth . 
Web thickness. 



6.17 
0.63 



Area in square inches 
Kesistance 



19.12 
98.86 



Greatest safe load in net tons uniformlj distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be 1% of the tabular deflection. 

For figures in small type deflection is excesslTe. 



Span 

in 
Feet, 


GreaUsl 




Greatest DiMance in Feet Between Centre* 0/ 
Beams far Distributed Load as Below. 


Safe Load 

in 
Net 2\m*. 


Deflection 
in Inches, 


100 

Founds 

per Square 

Foot, 


125 

Pounds 

per Square 

FooU 


150 

Pounds 

per Square 

Foot. 


175 

Pounds 

per Square 

Foot, 


10 
11 
12 


52.73 
47.93 
43.94 


.10 
.12 
.14 


105.5 
87.1 
73.2 


84.4 
69.7 
58.6 


70.3 
58.1 
48.8 


60.3 
49.8 
41.9 


13 
14 
15 


40.56 
37.66 
35.15 


.16 
.19 
.21 


62.4 
53.8 
46.9 


49.9 
43.0 
37.5 


41.6 
35.9 
31.2 


35.7 
30.8 
26.8 


16 
17 
18 


32.95 
31.01 
29.29 


.24 
.28 
.31 


41.2 
36.5 
32.5 


33.0 
29.2 
26.0 


27.5 
24.3 
21.7 


23.5 
20.8 
18.6 


19 
20 
21 


27.75 
26.36 
25.11 


.34 
.38 
.42 


29.2 
26.4 
23.9 


23.4 
21.1 
19.1 


19.5 
17.6 
15.9 


16.7 
15.1 
13.7 


22 
23 
24 


23.97 
22.92 
21.97 


.46 
.50 
.55 


21.8 
19.9 
18.3 


17.4 
15.9 
14.6 


14.5 
13.3 
12.2 


12.5 
11.4 
10.5 


25 
26 
27 


21.09 
20.28 
19.53 


.60 
.64 
.69 


16.9 
15.6 
14.5 


13.5 
12.5 
11.6 


11.2 

10.4 

9.6 


9.6 
8.9 
8.3 


28 
29 
30 


18.83 
18.18 
17.58 


.75 
.80 
.86 


13.5 
12.5 
11.7 


10.8 

10.0 

9.4 


9.0 
8.4 
7.8 


7.7 
7.2 
6.7 


31 
32 
33 


17.01 
16.48 
15.98 


.92 

.98 

1.04 


11.0 

10.3 

9.7 


8.8 
8.2 
7.7 


7.3 
6.9 
6.5 


6.3 

5.9 

• 5.5 
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18" X beam-No. 183 b. 



70 POUNDS PER FOOT. 



Flange widUi . 
Web thickness. 



6.50 
0.63 



Area in square inches 
Besistance 



20.59 
109.06 



Greatest safe load in net tons uniformlj distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be yV of the tabular deflection. 

For figures in small type deflection is exoessiye. 



in 

Feet. 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 

29 
30 

31 
32 
33 



Greatest 
Safe Load 

in 
Net Tms. 



58.18 
52.89 
48.48 

44.75 
41.55 
38.78 

36.36 
34.22 
32.32 

30.62 
29.09 
27.70 

26.44 
25.29 
24.24 

23.27 
22.38 
21.55 

20.78 
20.06 
19.39 

18.77 
18.18 
17.63 



Deflection 
in Inches. 



.10 
.12 
.14 

.16 
.19 
.21 

.24 
.28 
.31 

.34 
.38 
.42 

.46 
.50 
.55 

.60 
.64 
.69 

.75 
.80 
.86 

.92 

.98 

1.04 



Chreatest Distance in Feet Between Centres of 
Beams for Distributed Load as Below. 



100 

Pounds 

per Square 

Foot. 



116.4 
96.2 
80.8 

68.8 
59.4 
51.7 

45.4 
40.3 
35.9 

32.2 
29.1 
26.4 

24.0 
22.0 
20.2 

18.6 
17.2 
16.0 

14.8 
13.8 
12.9 

12.1 
11.4 
10.7 



125 

Founds 

per Square 

FooL 



93.1 
76.9 
64.6 

55.1 
47.5 
41.4 

36.4 
32.2 
28.7 

25.8 
23.3 
21.1 

19.2 
17.6 
16.2 

14.9 
13.8 
12.8 

11.9 
11.1 
10.3 

9.7 
9.1 
8.5 



150 

Pounds 

per Square 

Foot. 



77.6 
64.1 
53.9 

45.9 
39.6 
34.5 

30.3 
26.8 
23.9 

21.5 
19.4 
17.6 

16.0 
14.7 
13.5 

12.4 
11.5 
10.6 

9.9 
9.2 
8.6 

8.1 
7.6 
7.1 



175 

Pounds 

per Square 

Foot. 



66.5 
55.0 
46.2 

39.3 
33.9 
29.6 

26.0 
23.0 
20.5 

18.4 
16.6 
15.1 

13.7 
12.6 
11.5 

10.6 
9.8 
9.1 

8.5 
7.9 
7.4 

6.9 
6.5 
6.1 
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18'' Z B£AM— No. 184 B. 



75 POUNDS FEB FOOT. 



Flange width 6.58 

Webthicknoflfl 0.71 



Area in square inches 
Besistance 



22.06 
lia72 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -^jf of the tabular deflection. 

For figures in small type deflection is excessive. 



in 
Feet. 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 

27 

28 
29 
30 

31 
32 
33 



Greatest 
Safe Load 

in 
Net Tims. 


Dfflection 
in Inches. 


60.65 
55.14 
50.54 


.10 
.12 
.14 


46.66 
43.32 
40.44 


.16 
.19 
.21 


37.91 
35.68 
33.70 


.24 
.28 
.31 


31.92 
30.33 
28.88 


.34 
.38 
.42 


27.57 
26.37 
25.27 


.46 
.50 
.55 


24.26 
23.33 
22.46 


.60 
.64 
.69 


21.66 
20.91 
20.22 


.75 
.80 
.86 


19.57 
18.95 
18.38 


.92 

.98 

1.04 



GrecUest Distance in Feet Between Centres of 
Beams for Distributed Load as Below. 



100 

Founds 

per Square 

Foot. 



121.3 

100.3 

84.2 

71.8 
61.9 
53.9 

47.4 
42.0 
37.4 

33.6 
30.3 
27.5 

25.1 
22.9 
21.1 

19.4 
17.9 
16.6 

15.5 
14.4 
13.5 

12.6 
11.8 
11.1 



125 

Pounds 

per Square 

Foot 



97.0 
80.2 
67.4 

57.4 
49.5 
43.1 

37.9 
33.6 
30.0 

26.9 
24.3 
22.0 

20.1 
18.3 
16.9 

15.5 
14.4 
13.3 

12.4 
11.5 
10.8 

10.1 
9.5 
8.9 



150 

Pounds 

per Square 

Fool 



80.9 
66.8 
56.2 

47.9 
41.3 
35.9 

31.6 
28.0 
25.0 

22.4 
20.2 
18.3 

16.7 
15.3 
14.0 

12.9 
12.0 
11.1 

10.3 
9.6 
9.0 

8.4 
7.9 
7.4 



175 

Pounds 

per Square 

Foot. 



69.3 
57.3 
48.1 

41.0 
35.4 
30.8 

27.1 
24.0 
21.4 

19.2 
17.3 
15.7 

14.3 
13.1 
12.0 

11.1 

10.3 

9.5 

8.8 
8.2 
7.7 

7.2 
6.8 
6.4 
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W X BEAM— No. 185 B. 



80 POUNDS P£R FOOT. 



FlaDge width . 
Web thickness. 



6.66 
0.79 



Area in square inches. 
Resistance 



23.5S 
118.15 



Greatest safe load in net tons uniformlj distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load will be ^j^ of the tabular deflection. 
For figures in small type deflection is excessiTe. 





Greatest 
Safe Load 

in 
Net Tom. 


Deflection 
in Inches. 


Greatest Distance in Feel Between Centres o/ 
Beams for Distributed Load as Below. 


Span 

in 
liset. 


100 

Pounds 

per Square 

Foot. 


125 

Pounds 

per Square 

Foot, 


160 

Pounds 

per Square 

Foot 


175 

Pounds 

per Square 

Foot. 


10 
11 
12 


63.02 
57.29 
52.51 


.10 
.12 
.14 


126.0 

104.2 

87.5 


100.8 
83.3 
70.0 


84.0 
69.4 
58.3 


72.0 
59.5 
50.0 


13 
14 
15 


48.47 
45.01 
42.01 


.16 
.19 
.21 


74.6 
64.3 
56.0 


59.7 
51.4 
44.8 


49.7 
42.9 
37.3 


42.6 
36.7 
32.0 


16 
17 
18 


39.38 

zisn 

35.01 


.24 
.28 
.31 


49.2 
43.6 
38.9 


39.4 
34.9 
31.1 


32.8 
29.1 
25.9 


28.1 
24.9 
22.2 


19 
20 
21 


33.17 
31.51 
30.01 


.34 
.38 
.42 


34.9 
31.5 
28.6 


27.9 
25.2 
22.9 


23.3 
21.0 
19.1 


20.0 
18.0 
16.3 


22 
23 
24 


28.64 
27.40 
26.26 


.46 
.50 
.55 


26.0 
23.8 
21.9 


20.8 
19.1 
17.5 


17.4 
15.9 
14.6 


14.9 
13.6 
12.5 


25 
26 
27 


25.21 
24.24 
23.34 


.60 
.64 
.69 


20.2 
18.6 
17.3 


16.1 
14.9 
13.8 


13.4 
12.4 
11.5 


11.5 

10.7 

9.9 


28 
29 
30 


22.51 
21.73 
21.01 


.75 
.80 
.86 


16.1 
15.0 
14.0 


12.9 
12.0 
11.2 


10.7 

10.0 

9.3 


9.2 
8.6 
8.0 


31 
32 
33 


20.33 
19.69 
19.10 


.92 

.98 

1.04 


13.1 
12.3 
11.6 


10.5 
9.8 
9.3 


8.7 
8.2 
7.7 


7.5 
7.0 
6.6 
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18'' X BEAM— No. 186 B. 



8^ FOUNDS PBR FOOT. 



Flange width 7.00 

Web thickness. a74 



Area in square inches. 
Besistance 



2S.00 
127.74 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Iba^ 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -^ of the tabular deflection. 

For figures in small type deflection is exoessiye. 



Span 

in 

FeeU 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Greatest 
Sqfe Load 

in 
Net IbM, 



68.99 
62.72 
57.49 

53.07 
49.28 
46.99 

43.12 
40.58 
38.33 

36.31 
34.49 
32.85 

31.36 
29.99 
28.75 

27.60 
26.53 
25.55 

24.64 
23.79 
23.00 

22.25 
21.56 
20.91 



Deflection 
in Inches. 



.10 
.12 
.14 

.16 
.19 
.21 

.24 
.28 
.31 

.34 
.38 
.42 

.46 
.50 
JS& 

.60 
.64 
.69 

.75 
.80 
.86 

.92 

.98 

1.04 



Cfreatest Distance in Feet Between Centres 
Beams for Distributed Load as Below. 



^ 



100 

Twtnds 

perSqtuire 

Fbot. 



138.0 

114.0 

95.8 

81.6 
70.4 
61.3 

53.9 
47.7 
42.6 

38.2 
34.5 
31.3 

28.5 
26.1 
24.0 

22.1 
20.4 
18.9 

17.6 
16.4 
15.3 

14.4 
13.5 
12.7 



125 

Bounds 

per Square 

Foot. 



110.4 
91.2 
76.7 

65.3 
56.3 
49.1 

43.1 
38.2 
34.1 

30.6 
27.6 
25.0 

22.8 
20.9 
19.2 

17.7 
16.3 
15.1 

14.1 
13.1 
12.3 

11.5 
10.8 
10.1 



150 

Founds 

per Square 

Foot. 



92.0 
76.0 
63.9 

54.4 
46.9 
40.9 

35.9 
31.8 
28.4 

25.5 
23.0 
20.9 

19.0 
17.4 
16.0 

14.7 
13.6 
12.6 

11.7 
10.9 
10.2 

9.6 
9.0 
8.4 



176 

Founds 

per Square 

Foot. 



78.9 
65.2 
54.8 

46.7 
40.2 
35.0 

30.8 
27.3 
24.3 

21.8 
19.7 
17.9 

16.3 
14.9 
13.7 

12.6 
11.7 
10.8 

10.1 
9.4 
8.8 

8.2 
7.7 
7.2 
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18" X BEAM— Ko. 187 B, 



90 POUNBS FEB FOOT. 



Flange width 7.08 

WebthlckneBS 0.82 



Area in square inches. 
Besistanoe 



26.47 
182.00 



Greatest safe load in net tons uniformly distributed. Fibre streu 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be i^ of the tabular deflection. 

For figures in small type deflection is excessive. 



Span 

in 
Feet. 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 

24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Oreaiett 




Safe Load 


Deflection 


in 


in Inches. 


Mi Tons. 




71.29 


.10 


64.81 


.12 


59.41 


.14 


O4.o4 


.16 


50.92 


.19 


47.53 


.21 


44.56 


.24 


41.94 


.28 


39.61 


.31 


37.52 


.34 


35.65 


.38 


33.95 


.42 


32.41 


.46 


31.00 


.50 


29.70 


.55 


28.52 


.60 


27.42 


.64 


26.40 


.69 


25.46 


.75 


24.58 


.80 


23.76 


.86 


23.00 


.92 


22.28 


.98 


21.60 


1.04 



Greatest Distance in Feet Between Centres of 
Beams for Distributed Load as Below. 



100 

Pounds 

per Square 

Foot. 



142.6 

117.8 

99.0 

84.4 
72.7 
63.4 

55.7 
49.3 
44.0 

39.5 
35.7 
32.3 

29.5 
27.0 
24.8 

22.8 
21.1 
19.6 

18.2 
17.0 
15.8 

14.8 
13.9 
13.1 



125 

Pounds 

per Square 

Foot. 



114.1 
94.3 
79.2 

67.5 
58.2 
50.7 

44.6 
39.5 
35.2 

31.6 
28.5 
25.9 

23.6 
21.6 
19.8 

18.3 
16.9 
15.6 

14.5 
13.6 
12.7 

11.9 
11.1 
10.5 



150 

Pounds 

per Square 

Foot. 



95.1 
78.6 
66.0 

56.2 
48.5 
42.2 

37.1 
32.9 
29.3 

26.3 
23.8 
21.6 

19.6 
18.0 
16.5 

15.2 
14.1 
13.0 

12.1 
11.3 
10.6 

9.9 
9.3 
8.7 



176 

Pounds 

per Square 

Foot. 



81.5 
67.3 
56.6 

48.2 
41.6 
36.2 

31.8 
28.2 
25.2 

22.6 
20.4 
18.5 

16.8 
15.4 
14.1 

13.0 
12.1 
11.2 

10.4 
9.7 
9.1 

8.5 
8.0 
7,5 
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15" X BEAM— No. 150 B. 



42 POUNDS F£R FOOT. 



Flange width 5.50 

Web thickness. 0.41 



Area in square inches . 
Besistance 



12.86 
69.16 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be ^ of the tabular deflection. 

For figures in small type deflection is excessive. 



in 
JPeet, 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 

20 

.21 

22 
23 
24 

25 
26 
27 

28 
29 
30 



Greatest 




SqfeLoad 


Deflection 


in 


in Inched. 


Net Tms. 




31.55 


.11 


28.68 


.14 


26.29 


.16 


24.27 


.19 



Greatest Distance in Feet Between Centres of 
Beams for Distributed Load as Below. 



22M 
21.04 

19.72 
18.56 
17.53 

16.61 
15.78 
15.03 

14.34 
13.72 
13.15 

12.62 
12.14 
11.69 

11.27 
10.88 
10.52 



.22 
.26 

.29 
.33 
.37 

.41 
.46 
.50 

.55 
.60 
.66 

.71 
.77 
.83 

.90 
.96 



100 

Pounds 

per Square 

Foot. 



63.1 
52.1 
43.8 

37.3 
32.2 
28.1 

24.7 
21.8 
19.5 

17.5 
15.8 
14.3 

13.0 
11.9 
11.0 

10.1 
9.3 
8.7 

8.1 
7.5 



125 

Founds 

per Square 

Foot. 



50.5 
41.7 
35.1 

29.9 
25.8 
22.4 

19.7 
17.5 
15.6 

14.0 
12.6 
11.5 

10.4 
9.5 
8.8 

8.1 
7.5 
6.9 

6.4 

6.0 

TT" 



150 

Founds 

per Square 

Foot. 



42.1 
34.8 
29.2 

24.9 
21.5 
18.7 

16.4 
14.6 
13.0 

11.7 

10.5 

9.5 

8.7 
8.0 
7.3 

6.7 
6.2 
5.8 

5.4 

5.0 

TT 



175 

Founds 

per Square 

Foot. 



36.1 
29.8 
25.0 

21.3 
18.4 
16.0 

14.1 
12.5 
11.1 

10.0 
9.0 
8.2 

7.5 
6.8 
6.3 

5.8 
5.3 
4.9 

4.6 

4.3 

"TT 



31 
32 
33 



10.18 
9.86 
9.66 



1.10 
1.17 
1.24 



6.6 
6.2 
5.8 



6.3 
4.9 
4.6 



4.4 
4.1 
8.9 



3.8 
3.5 
3.8 
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lH" X B£AM— No. 151 B. 



45 P01INI>S FEB FOOT. 



FlaDge width . 
Web thickness. 



6.54 
0.46 



Area in square inches . 
Resistance 



ia23 
61.37 



Greatest cafe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be i% of the tabular deflection. 

For figures in small type deflection is excessive. 



in 
Feet, 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

29 
30 

31 
32 
33 



Greatest 
Safe Lockd 

in 
Net Tms. 



32.73 
29.76 
27.28 

25.18 
23.38 
21.82 

20.46 
19.25 
18.18 

17.23 
16.37 
15.59 

14.88 
14.23 
13.64 

13.09 
12.59 
12.12 

11.69 
11.29 
TOT 

10.56 

10.28 

9.92 



De/Uetion 
in Inches. 



.11 
.14 
.16 

.19 
.22 
.26 

.29 
.33 
.37 

.41 
.46 
.50 

.55 
.60 
.66 

.71 
.77 
.83 

.90 

.96 

TW 

1.10 
1.17 
1.24 



Greatest Distance in Feet Between Centres <tf 
Beams for Distributed Load as Below. 



100 

Founds 

per Square 

Foot. 



65.5 
54.1 
45.5 

38.7 
33.4 
29.1 

25.6 
22.6 
20.2 

18.1 
16.4 
14.8 

13.5 
12.4 
11.4 

10.5 
9.7 
9.0 

8.3 

7.8 

"TIT 

6.8 
6.4 
6.0 



125 

Founds 

per Square 

Foot. 



52.4 
43.3 
36.4 

31.0 
26.7 
23.3 

20.5 
18.1 
16.2 

14.5 
13.1 
11.9 

10.8 
9.9 
9.1 

8.4 
7.7 
7.2 

6.7 

6.2 

TT 

6.5 
5.1 
4.8 



150 

Pounds 

per Square 

Foot. 



43.6 
36.1 
30.3 

25.8 
22.3 
19.4 

17.0 
15.1 
13.5 

12.1 

10.9 

9.9 

9.0 
8.2 
7.6 

7.0 
6.5 
6.0 

5.6 

5.2 

TF 

4.5 
4.8 
4.0 



175 

Founds 

per Square 

Foot. 



37.4 
30.9 
26.0 

22.1 
19.1 
16.6 

14.6 
12.9 
11.5 

10.4 
9.4 
8.5 

7.7 
7.1 
6.5 

6.0 
5.5 
5.1 

4.8 

4.4 

"IT" 

8.9 
a.7 
3.4 
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15" Z BEAM— No. 152 B. 



60 FOUXDS FS» FOOT. 



Flimge width . 
Web thickness. 



6.82 
0.48 



Area in square inches . 
Besistance 



14.7C 
68. 7C 



Greatest safe load in net tons uniformly distributed. Fibre stress 10,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -^jf of the tabular deflection. 

For figures in small type deflection is excessive. 



in 
FeeL 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Greatest 




Safe Load 


Deflection 


in 


in Inches. 


Net Tons, 




36.64 


.11 


33.31 


.14 


30.53 


.16 


28.18 


.19 


26.17 


.22 


24.43 


.26 


22.90 


.29 


21.55 


.33 


20.35 


.37 



Greatest Distance in Feet Between Centres of 
Beams for Distributed Load as Below. 



19.28 
18.32 
17.45 

16.65 
15.93 
15.27 

14.66 
14.09 
13.57 

13.09 
12.63 
12.21 

11.82 
11.45 
11.10 



.41 
.46 
.50 

.55 
.60 
.66 

.71 
.77 
.83 

.90 

.96 

TW 

1.10 
1.17 
1.24 



100 

Pounds 

per Square 

Foot. 



73.3 
60.6 
50.9 

43.4 
37.4 
32.6 

28.6 
25.4 
22.6 

20.3 
18.3 
16.6 

15.1 
13.9 
12.7 

11.7 
10.8 
10.1 

9.4 
8.7 

7.6 
7.2 

6.7 



125 

Pomids 

per Square 

Foot. 



58.6 
48.5 
40.7 

34.7 
29.9 
26.1 

22.9 
20.3 
18.1 

16.2 
14.7 
13.3 

12.1 
11.1 
10.2 

9.4 
8.7 
8.0 

7.5 

7.0 

"T5" 

6.1 
6.7 
6.4 



150 

Pounds 

per Square 

Foot. 



48.9 
40.4 
33.9 

28.9 
24.9 
21.7 

19.1 
16.9 
15.1 

13.5 
12.2 
11.1 

10.1 
9.2 
8.5 

7.8 
7.2 
6.7 

6.2 
5.8 

6.1 
4.8 
4.6 



175 

Pounds 

per Square 

Foot. 



41.9 
34.6 
29.1 

24.8 
21.4 
18.6 

16.4 
14.5 
12.9 

11.6 

10.5 

9.5 

8.7 
7.9 
7.3 

6.7 
6.2 
5.7 

5.3 

5.0 

"TT 

4.4 

4.1 
3.8 
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1&'' X beam-No. 153 b. 



65 POUNDS PKB FOOT. 



Flangewidth 5.92 

Web thickness. 0.68 



Area in square inches . 
Resistance 



16.18 
72.88 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -^ of the tabular deflection. 

For figures in small tyjM deflection is excessiye. 



Span 
in 

Ftet, 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Oreaiest 
Safe Load 

in 
Netlbns. 


Deflection 
in Inches. 


38.60 
35.09 
32.17 


.11 
.14 
.16 


29.69 
27.57 
25.74 


.19 
.22 
.26 


24.13 
22.71 
21.45 


.29 
.33 

.37 


20.32 
19.30 
18.38 


.41 
.46 
.50 


17.55 
16.78 
16.08 


.55 
.60 
.66 


15.44 
14.85 
14.30 


.71 
.77 
.83 


13.79 
13.31 


.90 
.96 


12.87 


1.08 


12.45 


1.10 


12.06 


1.17 


11.70 


1.24 



Oreaiest Distance in Feet Between Centres qf 
Beams for Distributed Load tu Below. 



100 

JPounds 

per Square 

Foot. 



77.2 
63.8 
53.6 

45.7 
39.4 
34.3 

30.2 
26.7 
23.8 

21.4 
19.3 
17.5 

16.0 
14.6 
13.4 

12.4 
11.4 
10.6 

9.9 

9.2 

"TT 

8.0 
7.5 
7.1 



125 

Pounds 

per Square 

FboL 



61.8 
51.0 
^.9 

36.5 
31.5 
27.5 

24.1 
21.4 
19.1 

17.1 
15.4 
14.0 

12.8 
11.7 
10.7 

9.9 
9.1 
8.5 

7.9 

7.3 

TT 

6.4 
6.0 
6.7 



150 

Pounds 

per Square 

Mot. 



51.5 
42.5 
35.7 

30.5 
26.3 
22.9 

20.1 
17.8 
15.9 

14.3 
12.9 
11.7 

10.6 
9.7 
8.9 

8.2 
7.6 
7.1 

6.6 
6.1 

5.4 
6.0 
4.7 



175 

Pounds 

per Square 

FooL 



44.1 
36.5 
30.6 

26.1 
22.5 
19.6 

17.2 
15.3 
13.6 

12.2 
11.0 
10.0 

9.1 
8.3 
7.7 

7.1 
6.5 
6.1 

5.6 

5.2 

"TT 

4.6 
4.3 
4.1 
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15' X BEAM— No. 154 B. 



60 FOUNDS FEB FOOT. 



Flange width 6.t7 

Web thickness 0.55 



Area in square inches . 
Resistance. .,..,.... 



17.66 
82.64 



Qreatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load will be y% of the tid>i«1ar deflection. 
For figures in small type deflection is exoesafive. 



Span 

in 
Feet. 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 



Greatest 
Sctfe Load 

in 
Net Tom. 



44.02 
40.02 
36.68 

33.86 
31.44 
29.35 

27.51 
25.89 
24.46 

23.17 
22.01 
20.96 

20.01 
19.14 
18.34 

17.61 
16.93 
16.30 

15.72 
15.18 
14.67 



Deflection 
in Inches. 



.11 
.14 
.16 

.19 
.22 
.26 

.29 
.33 
.37 

.41 
.46 
.50 

.55 
.60 
.66 

.71 
.77 
.83 

.90 
.96 



Greatest Distance in Feet Between Centres of 
Beams for Distributed Load as Below, 



100 

Pounds 

per Square 

Foot. 



88.0 
72.7 
61.1 

52.1 
44.9 
39.1 

34.4 
30.5 
27.2 

24.4 
22.0 
20.0 

18.2 
16.6 
15.3 

14.1 
13.0 
12.1 

11.2 

10.5 

"TS" 



125 

Pounds 

per Square 

Foot. 



70.4 
58.2 
48.9 

41.7 
35.9 
31.3 

27.5 
24.4 
21.7 

19.5 
17.6 
16.0 

14.6 
13.3 
12.2 

11.3 

10.4 

9.7 

9.0 
8.4 



150 

Pounds 

per Square 

Foot. 



58.7 
48.5 
40.8 

34.7 
29.9 
26.1 

22.9 
20.3 
18.1 

16.3 
14.7 
13.3 

12.1 
11.1 
10.2 

9.4 
8.7 
8.0 

7.5 
7.0 



176 

Pounds 

pdrSqiMre 

Foot. 



50.3 
41.6 
34.9 

29:8 
25.7 
22.4 

19.7 
17.4 
15.5 

13.9 
12.6 
11.4 

10.4 
9.5 
8.7 

8.1 
7.4 
6.9 

6.4 

6.0 

TT 



31 
32 
33 



14.20 
18.76 
13.84 



1.10 
1.17 
1.24 



9.2 
8.6 
8.1 



7.3 
6.9 
6.5 



6.1 
5.7 
5.4 



5.2 
4.9 
4.6 
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15' Z BEAM— Xo. 155 B. 



6ft POUlfPS PER FOOT. 



Flimge width 6.27 

Web thickness. 0.65 



Area in square inches . 
Besistance 



19.12 

86.21 



Greatest safo load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be ^ of the tabular deflection. 

Vor figures in small type deflection is excessive. 



^ 



in 
FeeL 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Greatest 
Safe Load 

in 
Mi Tims. 


Deflection 
in Inches. 


45.98 
41.80 
38.32 


.11 
.14 
.16 


35.37 
32.84 
30.65 


.19 
.22 
.26 


28.74 
27.05 
25.54 


.29 
.33 
.37 


24.20 
22.99 
21.89 


.41 
.46 
.60 


20.90 
19.99 
19.16 


.55 
.60 
.66 


18.39 
17.68 
17.03 


.71 
.77 
.83 


16.42 
15.85 


.90 
.96 



Greatest Distance in Feet Between Centres qf 
Beams for Distributed Load as Below. 



14.83 
14.37 
18.98 



1.10 
1.17 
1.24 



100 

JPounds 

per Square 

Foot. 



92.0 
76.0 
63.9 

54.4 
46.9 
40.9 

35.9 
31.8 
28.4 

25.5 
23.0 
20.8 

19.0 
17.4 
16.0 

14.7 
13.6 
12.6 

11.7 

10.9 

TO" 

9.6 
9.0 
8.4 



125 

Founds 

per Square 

Foot. 



73.6 
60.8 
51.1 

43.5 
37.5 
32.7 

28.7 
25.5 
22,7 

20.4 
18.4 
16.7 

15.2 
13.9 
12.8 

11.8 
10.9 
10.1 

9.4 
8.7 

7.7 
7.2 
6.8 



150 

Found* 

per Square 

Foot. 



61.3 
60.7 
42.6 

36.3 
31.3 
27.2 

23.9 
21.2 
18.9 

17.0 
15.3 
13.9 

12.7 
11.6 
10.6 

9.8 
9.1 
8.4 

7.8 

7.3 

"TT" 

6.4 
6.0 
5.6 



175 

Founds 

per Square 

Foot. 



52.6 
43.4 
36.5 

31.1 
26.8 
23.4 

20.5 
18.2 
16.2 

14.6 
13.1 
11.9 

10.9 
9.9 
9.1 

8.4 
7.8 

7.2 

6.7 

6.2 

TT 

6.5 
5.1 
4.8 
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15" X BEAM— No. 166 B. 



70 POUNDS FEB FOOT. 



Flange width . 
Web thickness. 



6.48 
0.63 



Area in square indies . 
Resistance 



20.58 
90.83 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be jV o' ^® tabular deflection. 

For figures in small type deflection is excessive. 





Greatest 
Safe Load 

in 
Net Tons. 


DefUctim 
in Inches. 


Greatest Distance in Feet Between 
Beams for IHstributed Load as 


Centres qf 
Below. 


Span 

in 
Feet. 


100 

Pounds 

per Square 

Foot. 


125 

Founds 

per Square 

Foot. 


150 

Powids 

per Square 

Foot. 


176 

Founds 

per Square 

Foot. 


10 
11 
12 


51.11 
46.46 
42.59 


.11 
.14 
.16 


102.2 
84.5 
71.0 


81.8 
67.6 
56.8 


68.1 
56.3 
47.3 


58.4 
48.3 
40.6 


13 
14 
15 


39.31 
36.51 
34.07 


.19 
.22 
.26 


60.5 
52.2 
45.4 


48.4 
41.7 
36.3 


40.3 
34.8 
30.3 


34.6 
29.8 
26.0 


16 
17 
18 


31.94 
30.06 
28.39 


.29 
.33 
.37 


39.9 
35.4 
31.5 


31.9 
28.3 
25.2 


26.6 
23.6 
21.0 


22.8 
20.2 
18.0 


19 
20 
21 


26.90 
25.55 
24.34 


.41 
.46 
.50 


28.3 
25.6 
23.2 


22.7 
20.4 
18.5 


18.9 
17.0 
15.5 


16.2 
14.6 
13.2 


22 
23 
24 


23.23 
22.22 
21.30 


.55 
.60 
.66 


21.1 
19.3 
17.8 


16.9 
15.5 
14.2 


14.1 
12.9 
11.8 


12.1 
11.0 
10.1 


25 
26 
27 


20.44 
19.66 
18.93 


.71 
.77 
.83 


16.4 
15.1 
14.0 


13.1 
12.1 
11.2 


10.9 

10.1 

9.3 


9.3 
8.6 
8.0 


28 
29 


18.25 
17.62 


.90 
.96 


13.0 
12.2 


10.4 
9.7 


8.7 
8.1 


7.5 
6.9 


30 


17.W 


l.dft 


11.4 


ft.l 


7.« 


6.5 


31 


16.49 


1.10 


10.6 


8.5 


7.1 


6.1 


32 


15.97 


1.17 


10.0 


8.0 


6.7 


6.7 


33 


16.49 


1.24 


9.4 


7.6 


6.3 


6.4 
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16" X BEAM— No. 157 B. 



75 POUNDS PBB FOOT. 



Flaoge width . 
Web thickness. 



6.68 
0.73 



Area in square inches 
Besistance 



22.06 
99.47 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -]^ of the tabular deflection. 

For figures in small type deflection is excessive. 



Span 

in 

Feet. 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Greatest 
Safe Load 

in 
Net Tom. 



53.05 
48.23 
44.21 

40.81 
37.89 
35.37 

33.16 
31.20 
29.47 

27.92 
26.52 
25.26 

24.11 
23.06 
22.10 

21.22 
20.40 
19.65 

18.95 
18.29 



17.11 
16.58 
16.08 



Deflection 
in Inches. 



.11 
.14 
.16 

.19 
.22 
.26 

.29 
.33 
.37 

.41 
.46 
.50 

.55 
.60 
.66 

.71 
.77 
.83 

.90 
.96 



Greatest Distance in Feet Between OeiUres aif 
Beams for Distributed Load as Below. 



100 

Pounds 

per Sqitare 

Foot. 



1.10 
1.17 
1.24 



106.1 
87.7 
73.7 

62.8 
54.1 
47.2 

41.5 
36.7 
32.7 

29.4 
26.5 
24.1 

•21.9 
20.1 
18.4 

17.0 
15.7 
14.6 

13.5 
12.6 



11:8 

11.0 

10.4 

9.7 



125 

Pounds 

per Square 

Foot. 



84.9 
70.2 
58.9 

50.2 
43.3 
37.7 

33.2 
29.4 
26.2 

23.5 
21.2 
19.2 

17.5 
16.0 
14.7 

13.6 
12.6 
11.6 

10.8 
10.1 



9X 

8.8 
8.3 
7.8 



150 

Pounds 

per Square 

Foot. 



70.7 
58.5 
49.1 

41.9 
36.1 
31.4 

27.6 
24.5 
21.8 

19.6 
17.7 
16.0 

14.6 
13.4 
12.3 

11.3 

10.5 

9.7 

9.0 
8.4 



7.4 
6.9 
6.6 



175 

Pounds 

per Square 

Foot. 



60.6 
50.1 
42.1 

35.9 
30.9 
27.0 

23.7 
21.0 
18.7 

16.8 
15.2 
13.7 

12.5 
11.5 
10.5 

9.7 
9.0 
8.3 

7.7 
7.2 



6.3 
5.9 
5.6 
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15" X BEAM— No. 158 B. 



80 POUNDS PER FOOT. 



Flange width . 
Web thickness. 



6.6S 
0.88 



Area in square inches . 
Resistance 



23.63 
103.18 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be i^ of the tabular deflection. 

For figures in small type deflection is excessive. 





Oreatest 
Sktfe Load 

in 
Neilbns. 


Deflection 
in Inches. 


Oreatest Distance in Feet Between 
Beams for Distributed Load as 


\ Centres qf 
Below. 


Span 

in 
FetU 


100 

Pounds 

per Square 

Foot. 


125 

Pounds 

per Square 

Foot. 


150 

Pounds 

per Square 

FooL 


175 

Pounds 

per Square 

Foot. 


10 
11 
12 


55.03 
50.03 
45.86 


.11 
.14 
.16 


110.1 

91.0 

-76.4 


88.1 
72.8 
61.1 


73.4 
60.6 
51.0 


62.9 
52.0 
43.7 


13 
14 
15 


42.33 
39.31 
36.69 


.19 
.22 
.26 


65.1 
56.2 
48.9 


52.1 
44.9 
39.1 


43.4 
37.4 
32.6 


37.2 
32.1 
28.0 


16 
17 
18 


34.39 
32.37 
30.57 


.29 
.33 
.37 


43.0 
38.1 
34.0 


34.4 
30.5 
27.2 


28.7 
25.4 
22.6 


24.6 
21.8 
19.4 


19 
20 
21 


28.96 
27.51 
26.20 


.41 
.46 
.50 


30.5 
27.5 
25.0 


24.4 
22.0 
20.0 


20.3 
18.3 
16.6 


17.4 
15.7 
14.3 


22 
23 
24 


25.01 
23.93 
22.93 


.55 
.60 
.66 


22.7 
20.8 
19.1 


18.2 
16.6 
15.3 


15.2 
13.9 
12.7 


13.0 
11.9 
10.9 


25 

26 
27 


22.01 
21.17 
20.38 


.71 
.77 
.83 


17.6 
16.3 
15.1 


14.1 
13.0 
12.1 


11.7 
10.9 
10.1 


10.1 
9.3 
8.6 


28 
29 


19,65 
18.98 


.90 
.96 


14.0 
13.1 


n.2 

10.5 


9.4 
8.7 


8.0 
7.5 


30 


1S.U 


L(A 


12.2 


§.8 


i2 


V.6 


31 


17.76 


1.10 


11.6 


9.2 


7.6 


6.6 


32 


17.20 


1.17 


10.8 


8.6 


7.2 


6.1 


33 


16.68 


1.24 


10.1 


8.1 


6.7 


6.8 
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12" X BEAM— Xo. 120 B. 



31.5 POITKDS PER FOOT. 



Flange width . 
Web thickness 



6.00 
0.85 



Ares in sqaare inches 9.26 

Resistance 36.45 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be ^ of the tabular deflection. 

For figures in small type deflection is excessiye. 



in 
Fsei, 


Greatest 
Safe Load 

in 
NetJ\m8. 


Detection 
in Inches. 


Oreatest Distance in F^t Between Centres of 
Beams for DislriinUiug iMod at Below. 


100 

Pounds 

per Square 

Foot. 


125 

Pounds 

per Square 

Foot. 


150 

Pounds 

per Square 

Foot, 


175 

Pwnds 

per Square 

Foot, 


8 

9 

10 

11 
12 
13 

14 
15 
16 

17 
18 
19 

20 
21 
22 

23 


24.30 
21.60 
19.44 

17.67 
16.20 
14.95 

13.89 
12.96 
12.15 

11.44 
10.B0 
10.23 

9.72 
9.26 
8.84 

8.45 


.09 
.12 
.14 

.17 
.21 
.24 

.28 
.32 
.37 

.41 
.46 
.52 

.57 
.63 
.69 

.76 


60.8 
48.0 
38.9 

32.1 
27.0 
23.0 

19.8 
17.3 
15.2 

13.5 
12.0 
10.8 

9.7 
8.8 
8.0 

7.3 


48.6 
38.4 
31.1 

25.7 
21.6 
18.4 

15.9 
13.8 
12.2 

10.8 
9.6 
8.6 

7.8 
7.1 
6.4 

5.9 


40.5 
32.0 
25.9 

21.4 
18.0 
15.3 

13.2 
11.5 
10.1 

9.0 
8.0 
7.2 

6.5 
5.9 
5.4 

4.9 


34.7 
27.4 
22.2 

18.4 
15.4 
13.1 

11.3 
9.9 
8.7 

7.7 
6.9 
6.2 

5.6 
5.0 
4.6 

4.2 


24 
25 

26 
27 
28 

29 
30 
31 


6. id 
7.78 

7.48 
7.20 
6.94 

6.70 
6.48 
6.27 


.82 
.89 

.97 
1.04 
1.12 

1.20 
1.29 
1.37 


^.6 
6.2 

5.8 
5.3 
5.0 

46 
4.3 
4.0 


5.0 

4.6 
4.3 
4.0 

3.7 
3.5 
3.2 


4.1 

3.8 
3.6 
3.3 

31 
2.9 
2.7 


8.9 
3.6 

3.8 
8.0 
2.8 

2.6 
2.5 
2.3 
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12" X BEAM— No. 121 B. 



36 POUNDS PER FOOT. 



Flaage width . 
Web thicknen 



6.08 I Area ia square inches 10.29 

0.43 I Resistance. ... 38.49 



Greatest safe load in net tons aniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be ^ of the tabular deflection. 

For flgures in small type deflection is excessive. 



FeeL 


OreaUst 
Safe Load 

in 
Net Tons. 


Deflection 
in Inches. 


Greatest Distanee in Feet Between Oentres of 
Beams for Distributed I/oad as Below. 


100 

Pounds 

per Square 

Foot. 


125 

Founds 

per Square 

Foot. 


150 

I\ninds 

per Square 

Foot. 


175 

Pounds 

per Square 

Foot. 


8 

9 

10 


25.66 
22.81 
20.53 


.09 
.12 
.14 


64.2 
50.7 
41.1 


51.3 
40.6 
32.8 


42.8 
33.8 
27.4 


36.7 
29.0 
23.5 


11 
13 


18.66 
17.11 
15.79 


.17 
.21 
.24 


33.9 
28.5 
24.3 


27.1 
22.8 
19.4 


22.6 
19.0 
16.2 


19.4 
16.3 
13.9 


14 
15 
16 


14.66 
13.69 
12.83 


.28 
.32 
.37 


20.9 
18.3 
16.0 


16.8 
14.6 
12.8 


14.0 
12.2 
10.7 


12.0 

10.4 

9.2 


17 
18 
19 


12.08 
11.41 
10.80 


.41 
.46 
.52 


14.2 
12.7 
11.4 


11.4 

10.1 

9.1 


9.5 

8.5 

' 7.6 


8.1 
7.2 
6.5 


20 
21 
22 


10.26 
9.78 
9.33 


.57 
.63 
.69 


10.3 
9.3 
8.5 


8.2 
7.5 
6.8 


6.8 
6.2 
5.7 


5.9 
5.3 
4.8 


23 


8.93 


.76 


7.8 


6.2 


5.2 


4.4 


24 
25 


8.21 


.82 
.89 


7.1 
6.6 


5.3 


4.8 
4.4 


4.1 
3.8 


26 
27 
28 


7.90 
7.60 
7.38 


.97 
1.04 
1.12 


6.1 
5.6 
6.2 


4.9 
4.5 
4.2 


4.1 
8.8 
3.5 


3.5 
3.2 
3.0 


29 
30 
31 


7.08 
6.84 
6.62 


1.20 
1.29 
1.37 


49 
4.6 
4.3 


8.9 
36 
3.4 


3.8 
3.0 
2.8 


2.8 
2.6 
2.4 



Gl 



12'' X beam-No. 122 b. 



40 POUNDS PUB FOOT. 



Flange width. 
Web thicknees 



5.26 
0.42 



Area in square inches . 
Besiatanoe 



11.76 
4S.78 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be iV o^ ^® tabular deflection. 

For figures iu small type deflection is excessive. 



in 
FeeL 



8 

9 

10 

11 
12 
13 

14 
15 
16 

17 
18 
19 

20 
21 
22 

23 
24 
25 

26 
27 
28 

29 
30 
31 



OrecUest 
S(tfe Load 

in 
Net Tons. 



30.53 
27.13 
24.42 

22.20 
20.35 
18.78 

17.44 
16.28 
15.26 

14.36 
13.56 
12.85 

12.21 
11.63 
11.10 

10.62 

10.17 
9.77 

9.39 
9.04 
8.72 

8.42 
8.14 
7.88 



Deflection 
in Inches. 



.09 
.12 
.14 

.17 
.21 
.24 

.28 
.32 
.37 

.41 
.46 
.52 

.57 
.63 
.69 

.76 

.89 

.97 
1.04 
1.12 

1.20 
1.2^ 
1.87 



Greatest Distance in Feet Between Centres of 
Beams for DistiHtnUed Load as Below. 



100 

Pounds 

per Square 

Ibot. 



76.3 
60.3 
48.8 

40.4 
33.9 
28.9 

24.9 
21.7 
19.1 

16.9 
15.1 
13.5 

12.2 
11.1 
10.1 

9.2 

7.8 

7.2 
6.7 
6.2 

5.8 
5.4 
5.1 



126 

Pounds 

per Square 

Foot. 



61.1 
48.2 
39.1 

32.3 
27.1 
23.1 

19.9 
17.4 
15.3 

13.5 
12.1 
10.8 

9.8 
8.9 
8.1 

7.4 

6.8 

5.8 
5.4 
5.0 

4.6 
4.3 

4.1 



150 

Pounds 

per Square 

Foot. 



50.9 
40.2 
32.6 

26.9 
22.6 
19.3 

16.6 
14.5 
12.7 

11.3 

10.0 

9.0 

8.1 
7.4 
6.7 

6.2 

6.2 

4.8 
4.6 
4.2 

89 
8.6 
3.4 



176 

Pounds 

per Square 

Fbot. 



43.6 
34.5 
27.9 

23.1 
19.4 
16.5 

14.2 
12.4 
10.9 

9.7 
8.6 
7.7 

7.0 
6.3 
5.8 

5.3 

4.5 

4.1 
8.8 
3.6 

3.3 
3.1 
2.9 
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mm 



12" X BEAM— No. 123 B. 



45 POUNDS PKB FOOT. 



Flange width S.87 

Web thicknesB 0.54 



Area in square inches 
Resistance 



18.28 
48.71 



Greatest safe Ipad in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -^ of the tabular deflection. 

For figures in small type deflection is ezcessiye. 



Span 

in 

Feet, 


Greatest 
SttfeLoad 

in 
Net Tom, 


Dfflection 
in Inches. 


Greatest Distance in Feet Between Centres €if 
Beams for Disiribitted Load as Below. 


100 

JPXmnds 

per Square 

FooU 


125 

Pounds 

per Square 

Foot. 


150 

Pounds 

per Square 

Foot. 


175 

Pounds 

per Square 

Foot. 


8 

9 

10 


32.47 
28.86 
25.98 


.09 
.12 
.14 


81.2 
64.1 
52.0 


64.9 
51.3 
41.6 


54.1 
42.8 
34.6 


46.4 
36.7 
29.7 


11 
12 
13 


23.62 
21.65 
19.98 


.17 
.21 
.24 


42.9 
36.1 
30.7 


34.4 
28.9 
24.6 


28.6 
24.1 
20.5 


24.5 
20.6 
17.6 


14 
15 
16 


18.56 
17.32 
16.24 


.28 
.32 
.37 


26.5 
23.1 
20.3 


21.2 
18.5 
16.2 


17.7 
15.4 
13.5 


15.2 
13.2 
11.6 


17 
18 
19 


15.28 
14.43 
13.67 


.41 
.46 
.52 


18.0 
16.0 
14.4 


14.4 
12.8 
11.5 


12.0 

10.7 

9.6 


10.3 
9.2 
8.2 


20 
21 
22 


12.99 
12.37 
11.81 


.57 
.63 
.69 


13.0 
11.8 
10.7 


10.4 
9.4 
8.6 


8.7 
7.9 

7.2 


7.4 
6.7 
6.1 


23 


11.29 


.76 


9.8 


7.9 


6.5 


5.6 


24 


1U2 


.» 


9.0 


7.2 


^.6 


U 


2b 


10.89 


.89 


8.3 


6.7 


65 


4.8 


26 


9.99 


.97 


7.7 


6.1 


5.1 


4.4 


27 


9.62 


1.04 


7.1 


5.7 


4.8 


4.1 


28 


9.28 


1.12 


6.6 


5.8 


4.4 


8.8 


29 


8.96 


120 


62 


4.9 


41 


3.5 


30 


866 


1.29 


5.8 


4.6 


8.8 


3.3 


31 


8.38 


1.87 


54 


4.8 


3.6 


3.1 
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12" Z BEAM— No. 124 B. 



50 FOUNDS PER FOOT. 



Flange width . 
Web thiekncM 



6.68 
O.0B 



Area in sqaare inches 14.70 

Resbtance 6S.85 



Greatest safe load in net tons unlformlj distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be fif of the tabular deflection. 

For figures in small type deflection is excessive. 



apan 
in 


Oreaiett 
Sa^eLoad 

in 
Net Tons. 


D^UeHon 
in Inehe*. 


OreaUtt Distance in Feet Between Oeniret <^f 
Beam* for Distributed Load as Below. 


100 

Pounds 

per Square 

Foot, 


125 

Pounds 

per Square 

Foot, 


150 

Pounds 

per Square 

Foot, 


176 

Pounds 

per Square 

IboU 


8 

9 

10 


36.90 
32.80 
29.52 


.09 
.12 
.14 


92.3 
72.9 
59.0 


73.8 
58.3 
47.2 


61.5 
48.6 
39.4 


52.7 
41.7 
33.7 


11 
12 
13 


26.83 
24.60 
22.71 


.17 
.21 
.24 


48.8 
41.0 
34.9 


39.0 
32.8 
28.0 


32.5 
27.3 
23.3 


27.9 
23.4 
20.0 


14 
15 
16 


21.08 
19.68 
18.45 


.28 
.32 
.37 


30.1 
26.2 
23.1 


24.1 
21.0 
18.5 


20.1 
17.5 
15.4 


17.2 
15.0 
13.2 


17 
18 
19 


17.36 
16.40 
15.54 


.41 
.46 
.52 


20.4 
18.2 
16.4 


16.3 
14.6 
13.1 


13.6 
12.1 
10.9 


11.7 

10.4 

9.3 


20 
21 
22 


14.76 
14.06 
13.42 


.57 
.63 
.69 


14.8 
13.4 
12.2 


11.8 

10.7 

9.8 


9.8 
8.9 
8.1 


8.4 
7.7 
7.0 


23 


12.83 


.76 


11.2 


8.9 


7.4 


6.4 


24 
25 


11.81 


.89 


16.ft 
9.4 


&2 
7.6 


6.S 


5.4 


26 
27 
28 


11.85 
10.93 
10.54 


.97 
1.04 
1.12 


8.7 
8.1 
7.5 


7.0 
6.5 
6.0 


5.8 
5.4 
5.0 


5.0 
4.6 
4.8 


29 
30 
31 


10.18 
9.84 
9.52 


1.20 
1.29 
t87 


7.0 
6.6 
6.1 


5.6 
5.2 
4.9 


4.7 
4.4 
4.1 


4.0 
8.7 
8.5 
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12'' Z BEAM— No. 125 B. 



55 FOUNDS PER TOOT. 



Flange width . 
Web thickncM 



5.75 
0.66 



Are* in square inches 16.18 

Resistance 61.84 



Greatest safe load in net tons uniformlj distriboted. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be fif of the tabular deflection. 

For figures in small type deflection is ezoesslTe. 



apan 

in 

FuL 


Greatest 
Safe Load 

in 
Net Tont. 


DeflecHon 
in Jneke*. 


Greatett Distanee in Feet Bekoeen Oeniret <if 
Beams for Distributed Load as BeUno. 


100 

Pounds 

per Square 

Foot. 


126 

Pounds 

per Square 

Foot, 


150 

Pounds 

per Square 

Foot, 


175 

Pounds 

per Square 

Ibot. 


8 

9 

10 


40.90 
36.35 
32.72 


.09 
.12 
.14 


102.3 
80.8 
65.4 


81.8 
64.6 
52.4 


68.2 
53.8 
43.6 


58.4 
46.2 
37.4 


11 
12 
13 


29.74 
27.26 
25.17 


.17 
.21 
.24 


54.1 
45.4 
38.7 


43.3 
36.4 
31.0 


36.0 
30.3 
25.8 


30.9 
26.0 
22.1 


14 
15 
16 


23.37 
21.81 
20.45 


.28 
.32 
.37 


33.4 
29.1 
25.6 


26.7 
23.3 
20.5 


22.3 
19.4 
17.0 


19.1 
16.6 
14.6 


17 
18 
19 


19.24 
18.17 
17.22 


.41 
.46 
.52 


22.6 
20.2 
18.1 


18.1 
16.2 
14.5 


15.1 
13.5 
12.1 


12.9 
11.5 
10.4 


20 
21 
22 


16.36 
15.58 
14.87 


.57 
.63 
.69 


16.4 
14.8 
13.5 


13.1 
11.9 
10.8 


10.9 
9.9 
9.0 


9.4 
8.5 
7.7 


23 


14.22 


.76 


12.4 


9.9 


8.2 


7.1 


24 
25 


18.09 


.89 


11.4 
10.5 


d.l 
8.4 


7.6 
7.0 


6.6 

6.0 


26 
27 
28 


12.58 
12.12 
11.68 


.97 
1.04 
1.12 


9.7 
9.0 
8.8 


7.7 
7.2 
6.7 


6.5 
6.0 
5.6 


5.5 
6.1 
4.8 


29 
30 
31 


11.28 
10.91 

lass 


1.20 
1.29 
1.87 


7.8 
7.8 
6.8 


6.2 
5.8 
5.4 


5.2 
4.8 
4.5 


4.4 
4.2 
8.9 
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12'' Z BEAM-Ko. 126 B. 



60 POUNDS FBB FOOT. 



Flaoge width. 
WebthickncM 



.8.87 
.0.68 



Area in square inches 17.6S 

Beeistanoe 6180 



Qreatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be i^ of the tabular deflection. 

For figures in small type deflection is excessive. 



in 
FM. 


Greatest 
Safe Load 

in 
Net Tom. 


Deflection 
in Inches. 


Greatest Distance in Feet Between Oenires of 
Beams for Distributed Load as Below. 


100 

Pounds 

perSquare 

Foot. 


125 

Pounds 

perSquare 

Foot. 


150 

Pounds 

perSquare 

Foot. 


176 

Pounds 

perSquare 

Foot. 


8 

9 

10 


42.86 
38.10 
34.29 


.09 
.12 

.14 


107.2 
84.7 
68.6 


85.7 
67.7 
54.9 


71.4 
56.4 
45.7 


61.2 
48.4 
39.2 


11 
12 
13 


31.17 
28.58 
26.38 


.17 
.21 
.24 


56.7 
47.6 
40.6 


45.3 
38.1 
32.5 


37.8 
31.8 
27.1 


32.4 
27.2 
23.2 


14 
15 
16 


24.49 
22.86 
21.43 


.28 
.32 
.37 


35.0 
30.5 
26.8 


28.0 
24.4 
21.4 


23.3 
20.3 
17.9 


20.0 
17.4 
15.3 


17 
18 
19 


20.17 
19.05 
18.05 


.41 
.46 
.52 


23.7 
21.2 
19.0 


19.0 
16.9 
15.2 


15.8 
14.1 
12.7 


13.6 
12.1 
10.9 


20 
21 
22 


17.15 
16.33 
15.59 


.57 
.63 
.69 


17.2 
15.6 
14.2 


13.7 
12.4 
11.3 


11.4 

10.4 

9.4 


9.8 
8.9 
8.1 


23 


14.91 


.76 


13.0 


10.4 


8.6 


7.4 


24 
25 


14» 
18.72 


.89 


ll.d 
11.0 


8.8 


7.8 


6.8 


26 
27 
28 


18.19 
12.70 
12.25 


.97 
1.04 
1.12 


10.1 
9.4 
8.7 


8.1 
7.5 
7.0 


6.8 
6.8 
6.8 


5.8 
5.4 
5.0 


29 
30 
31 


11.82 
11.43 
11.06 


1.20 
1.29 
1.87 


8.2 
7.6 
7.1 


6.5 
6.1 
6.7 


6.4 
6.1 
4.8 


4.7 
4.4 
4.1 
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12'' X BEAM— No. 127 B. 



65 FOUNDS PER FOOT. 



Flange width. 8.99 

Web thickness 0.80 



Area in square inches 
Resistance 



19.12 
67.26 



Greatest safe load In net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be i^ of the tabular deflecti<m. 

For figures in small tjpe deflection ia excessive. 



Span 

in 

Feei. 


Greatest 
Safe Load 

in 
Net Ibns. 


Dffleetion 
inlnche*. 


Oreatest Distance in Feet Between Oentret of 
Beams /or Distributed Load as Below. 


100 

Pounds 

per Square 

Foot, 


126 

Pounds 

per Square 

Foot. 


160 

Pounds 

per Square 

Foot. 


176 

Pounds 

per Square 

FooL 


8 

9 

10 


44.83 
39.85 
35.87 


.09 
.12 
.14 


112.1 
88.6 
71.7 


89.7 
70.8 
57.4 


74.7 
59.0 
47.8 


64.1 
50.6 
41.0 


11 
12 
13 


32.61 
29.89 
27.59 


.17 
.21 
.24 


59.3 
49.8 
42.4 


47.4 
39.9 
34.0 


39.5 
33.2 
28.3 


33.9 
28.5 
24.3 


14 
15 
16 


25.62 
23.91 
22.42 


.28 
.32 
.37 


36.6 
31.9 
28.0 


29.3 
25.5 
22.4 


2iA 
21.3 
18.7 


20.9 
18.2 
16.0 


17 
18 
19 


21.10 
19.93 
18.88 


.41 
.46 
.52 


24.8 
22.1 
19.9 


19.9 
17.7 
15.9 


16.5 
14.8 
13.2 


14.2 
12.7 
11.4 


20 
21 
22 


17.93 
17.08 
16.30 


.57 
.63 
.69 


17.9 
16.3 
14.8 


14.3 
13.0 
11.9 


12.0 

10.8 

9.9 


10.2 
9.3 
8.5 


23 


15.59 


.76 


13.6 


10.8 


9.0 


7.7 


24 
25 


li.A4 

14.86 


.89 


12.S 
11.6 


9.2 


7.7 


7.1 
6.6 


26 
27 
28 


13.79 
13.28 
12.81 


.97 
1.04 
1.12 


10.6 
9.8 
9.2 


8.5 
7.9 
7.8 


7.1 
6.6 

6.1 

• 


6.1 
6.6 

6.2 

• 


29 
30 
31 


12.37 
1196 
11.57 


1.20 
129 
1.37 


8.5 
80 
76 


6.8 
6.1 
6.0 


67 
5.3 
6.0 


4.9 
4.6 
4.3 
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lO'' X BEAM--NO. 100 B. 



us POUNDS FEB FOOT. 



Flange width 4.66 

Web thickneis 0.81 



Area in square, inches 
Beeistance 



7.85 
24.61 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be yV of the tabular deflection. 

For figures in small type deflection is excessive. 



Span 

in 
Feet, 



8 

9 

10 

11 
12 
13 

14 
15 
16 

17 
18 
19 

20 
21 
22 

23 
24 
25 

26 
27 
28 

29 

30 
31 



Oreaiesl 




SotfeLoad 


Detection 


in 


in Inches. 


Net Tom, 




16.41 


.11 


14.60 


.14 


13.13 


.17 


11.93 


.21 


10.94 


.25 


10.10 


.29 


9.38 


.34 


8.76 


.39 


8.20 


.44 


7.72 


.50 


7.29 


.56 



(Greatest Distance in Feet Bettaeen Centres of 
Beams/or Distributed Load as Below. 



6.56 
6.25 
5.97 

6.71 
6.47 
6.26 

5.05 
4.86 
4.69 

4.53 
4.38 
4.23 



.69 
.76 
.88 

.91 

.99 

1.07 

1.16 
1.25 
1.84 

1.44 
1.54 
1.66 



100 

Pounds 

per Square 

Fbot. 



41.0 
32.4 
26.3 

21.7 
18.2 
15.5 

13.4 
11.7 
10.3 

9.1 
8.1 

6.6 

6.0 
5.4 

5.0 
4.6 
4.2 

8.9 
3.6 
8.4 

8.1 
2.9 
2.7 



126 

Pounds 

per Square 

Foot 



32.8 
25.9 
21.0 

17.4 
14.6 
12.4 

10.7 
9.3 
8.2 

7.3 

6.5 

"TT 

5.2 
4.8 
4.8 

4.0 
8.6 
3.4 

8.1 

2.9 
2.7 

2.5 
2.3 
2.2 



150 

Pounds 

per Square 

Foot. 



27.4 
21.6 
17.5 

14.5 
12.2 
10.4 

8.9 
7.8 
6.8 

6.1 

5.4 

"TT 

4.4 
4.0 
8.6 

8.3 
8.0 
2.8 

2.6 
2.4 
2.2 

2.1 
1.9 
1.8 



176 

Pounds 

per Square 

Fkfot. 



23.4 
18.5 
15.0 

12.4 

10.4 

8.9 

7.7 
6.7 
5.9 

5.2 

4.6 

"TT 

8.7 
8.4 
8.1 

2.8 
2.6 
2.4 

2.2 

2.1 
1.9 

1.8 
1.7 
1.6 
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icr z beam-No. loi b. 



30 POUNDS PER FOOT. 



Flange width . 
Web thickDess. 



4.80 
0.46 



Ares in squaire inches 
BeBistance 



882 
27.08 



Greateet safe load in net tons uniformlj distributed. Fibre stress 16,000 Iboi 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be i^ of the tabular deflection. 

For figures in small type deflection is excessive. 



in 

FuU 


Greatest 
£ktfeLoad 

in 
Net Tons. 


Detection 
in Inches. 


Oreatesl Distance in Feel Between Centres of 
Beams for Distributed Load as Below. 


100 

Founds 

per Square 

Foot. 


125 

Founds 

per Square 

FooU 


150 

Founds 

per Square 

Foot. 


176 

Founds 

per Square 

Foot. 


8 

9 

10 


18.06 
16.05 
14.44 


.11 
.14 
.17 


45.2 
35.7 
28.9 


36.1 
28.5 
23.1 


30.1 
23.8 
19.3 


25.8 
20.4 
16.5 


11 
12 
13 


13.13 
12.04 
11.11 


.21 
.25 
.29 


23.9 
20.1 
17.1 


19.1 
16.1 
13.7 


15.9 
13.4 
11.4 


13.6 

115 

9.8 


14 
15 
16 


10.32 
9.63 
9.03 


.34 
.39 
.44 


14*7 
12.8 
11.3 


11.8 

10.3 

9.0 


9.8 
8.6 
7.5 


8.4 

7.3 
6.5 


17 
18 


8.50 
8.02 


.50 
.56 


10.0 
8.9 


8.0 
7.1 


6.7 
5.9 


5.7 
5.1 


19 


1M 


M 


fi.0 


fi.4 


U 


4.6 


20 
21 
22 


7.22 
0.88 
6.57 


.69 
.76 
.88 


7.2 
6.6 
6.0 


5.8 
6.2 
4.8 


4.8 
4.4 
4.0 


4.1 
8.7 
8.4 


23 

2^ 
25 


6.28 
6.02 
5.78 


.91 

.99 

1.07 


5.6 
5.0 
4.6 


4.4 
4.0 
8.7 


3.6 
8.8 
8.1 


8.1 
Z9 
2.6 


26 
27 
28 


5.56 
6.86 
5.14 


1.16 
1.25 
1.84 


43 
4.0 
8.7 


3.4 
8.2 
2.9 


2.9 
2.6 
2.4 


2.4 
2.8 
2.1 


29 
30 
31 


4.98 
4.81 
4.66 


1.44 
154 
1.65 


3.4 
8.2 
3.0 


2.7 
2.6 
2.4 


2.8 
2.1 
2.0 


2.0 
1.8 
1.7 
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lO" X BEAM-Ko. 102 B. 



35 FOUNDS FB3EI FOOT. 



Flange width . 
Web thickness. 



6.00 
0.44 



Area in square inches 
Besistanoe 



10.29 
82.63 



Greatest safe load in net tons uniformly distriboted. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be i^ of the tabular deflection. 

For figures in small tjpe deflection is exceasiTe. 



Span 

in 
Feet 


Greatat 
OqfeLoad 

in 
Net Tons. 


Defteeiian 
in Inches. 


Greatest Distance in Feet Between Centres of 
Beams for Distributed Taad as Below. 


100 

Pounds 

per Square 

Fbot. 


126 

Pmmds 

per Square 

FooU 


150 

Pounds 

per Square 

Fbot. 


r 

176 

Pounds 

per Square 

Fbot. 


8 

9 

10 


21.75 
19.34 
17.40 


.11 
.14 
.17 


54.4 
43.0 
34.8 


43.5 
34.4 

zr,8 


36.2 
28.7 
23.2 


31.1 
24.6 
19.9 


11 
12 
13 


15.82 
14.50 
13.39 


.21 
.25 
.29 


28.8 
24.2 
20.6 


23.0 
19.3 
16.5 


19.2 
16.1 
13.7 


16.4 
13.8 
11.8 


14 
15 
16 


12.43 
11.60 
10.88 


.34 
.39 
.44 


17.8 
15.5 
13.6 


14.2 
12.4 
10.9 


11.8 

10.3 

9.1 


10.1 
8.8 
7.8 


17 
18 


10.24 
9.67 


.50 
.56 


12.0 
10.7 


9.6 
8.6 


8.0 
7.2 


6.9 
6.1 


19 


d.lS 


.d2 


9.4 


7.7 


U 


S.S 


20 
21 
22 


8.70 
«.29 
7.91 


.69 
.76 
.88 


8.7 
7.9 
7.2 


7.0 
6.8 
5.8 


5.8 
5.3 
4.8 

• 


6.0 
4.6 
4.1 


23 
24 
25 


7.57 
7.26 
6.96 


.91 

.99 

1.07 


66 
6.0 
6.6 


5.3 
4.8 
4.5 


4.4 
4.0 
3.7 


3.8 
3.6 
3.2 


26 
27 
28 


6.60 
6.45 
6.22 


1.16 
1.25 
1.84 


51 

4.8 
4.4 


4.1 
3.8 
3.6 


8.4 
3.2 
3.0 


2.9 
2.7 
2.5 


29 
30 
31 


6.00 
5.80 
5.61 


1.44 
1.54 
1.65 


4.1 
3.9 
3.6 


3.3 
3.1 
2.9 


2.8 
2.6 
2.4 


2.4 
2.2 
2.1 
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IC X BEAM— No. 103 B. 



40 FOUia>S FEB FOOT. 



Flange width. . / 6.16 

Web thickness 0.59 



Are* in square inches . 
Resistance 



11.76 
35.10 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one*half of the tabular load. 

Deflection for centre load will be tV ^^ ^® tabular deflection. 

For figures in small type deflection is exoessire. 



4Mn 
in 


Cfreatest 
SctfeLoad 

in 
Ntt Tim. 


Deflection 
in Inches. 


• 
Greatest Distance in Feet Between Oenlres (^ 
Beams for Distributed Load as Below. 


100 

Founds 

per Square 

Foot, 


125 

Pounds 

per Square 

Foot. 


150 

Pounds 

per Square 

Foot. 


175 

Pimnds 

per Square 

Fool 


8 

9 

10 


23.40 
20.80 
18.72 


.11 
.14 
.17 


58.5 
46.2 
37.4 


46.8 
37.0 
30.0 


39.0 
30.8 
25.0 


33.4 
26.4 
21.4 


11 
12 
13 


17.02 
15.60 
14.40 


.21 
.25 
.29 


30.9 
26.0 
22.2 


24.8 
20.8 
17.7 


20.6 
17.3 
14.8 


17.7 
14.9 
12.7 


14 
15 
16 


13.37 
12.48 
11.70 


.34 
.39 
.44 


19.1 
16.6 
14.6 


15.3 
13.3 
11.7 


12.7 

11.1 

9.7 


10.9 
9.5 
8.4 


17 
18 


11.01 
10.40 


.50 
.56 


13.0 
11.6 


10.4 
9.2 


8.6 
7.7 


7.4 
6.6 


19 


ft.ftS 


.« 


16.4 


8.3 


6.9 


iS.d 


ao 

21 
22 


9.86 
8.91 
8.51 


.69 
.76 
.83 


9.4 
8.6 
7.7 


7.5 

6.8 
6.2 


6.2 
5.7 
5.2 


5.3 

4.8 
4.4 


23 
24 
25 


8.14 
7.80 
7.49 


.91 

.99 

1.07 


7.1 
6.5 
6.0 


5.7 
5.2 
4.8 


4.7 
43 
4.0 


4.0 

a7 

8.4 


26 
27 
28 


7.20 
6.98 
6.69 


1.16 
1.25 
1.84 


5.5 
5.1 
48 


4.4 
4.1 

a8 


8.7 
3.4 
8.2 


3.2 
Z9 
2.7 


29 
30 
31 


6.45 
6.24 
6.04 


1.44 
1.54 
1.65 


4.4 
4.2 
8.9 


3.6 
8.3 
3.1 


3.0 
2.8 
2.6 


2.5 
2.4 
2.2 
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9^ Z BEAM— No. 90 B. 



SI FOUNI>S PBB FOOT. 



Flange width . 
Web thickneM. 



4.3S 
0.29 



Area in aqnare fnches, 
Besistanoe 



6.18 
18.88 



Greatest safe load in net tons nniformlj distribated. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be xV of the tabular deflection. 

For figures in small type deflection is excessire. 



in 
FaeL 


Greatest 
Safe Load 

in 
Net 7bn#. 


Diction 
in Inches. 


Greatest Distance in Feet Between Centres qf 
Beams for Distrihuted Load as Bdow. 


100 

Founds 

per Square 

Foot. 


125 

Founds 

per Square 

Foot. 


150 

Founds 

per Square 

Foot. 


175 

Founds 

per Square 

Foot. 


6 
7 
8 


16.78 
1437 
12.59 


.07 
.09 
.12 


55.9 
41.1 
31.5 


44.7 
32.8 
25.2 


37.3 
27.4 
21.0 


32.0 
23.5 
18.0 


9 
10 
11 


11.19 

10.07 

9.15 


.15 
.19 
.23 


24.9 
20.1 
16.6 


19.9 
16.1 
13.3 


16.6 
13.4 
11.1 


14.2 

11.5 

9.5 


12 
13 
14 


8.39 
7.19 


.27 
.32 
.37 


14.0 
11.9 
10.3 


11.2 
9.5 
8.2 


9.3 
7.9 
6.9 


8.0 
6.8 
5.9 


15 
16 
17 


6.71 
6.29 
5.92 


.43 
.49 
.55 


8.9 
7.9 
7.0 


7.2 
6.3 
5.6 


6.0 
5.2 
4.6 


5.1 
4.5 
4.0 


18 
19 
20 


5.59 
5.30 
5.03 


.62 
.69 
.76 


62 
5.6 
5.0 


5.0 
4.5 
4.0 


4.1 
8.7 
8.4 


8.6 
3.2 
2.9 


21 
22 
23 


4.79 
4.58 
4.38 


.84 

.92 

1.01 


4.6 
4.2 
8.8 


8.6 
3.3 
8.0 


3.0 
2.8 
2.5 


2.6 
2.4 
2.2 


24 
25 
26 


4.19 
4.03 
8.87 


1.10 
119 
1.29 


3.5 
3.2 
3.0 


2.8 
2.6 
2.4 


2.3 
2.1 
2.0 


2.0 
1.8 
1.7 


27 
28 
29 


8.78 

aeo 

8.47 


1.39 
149 
1.60 


,2.8 
2.6 
2.4 


2.2 
2.1 
1.9 


1.8 
1.7 
1.6 


1.6 
1.5 
1.4 
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9" I BEAM— No. 91 B. 



S5 FOUNDS P£B FOOT. 



Flange width 4.43 

Web thickness 0.89 



Area ip square inches . 
Besistanoe 



7.35 
20.68 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibi. 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load ^ill be -^ of the tabular deflection. 
For figures in small type deflection is excessive. 



Span 

in 
Feet. 


Greatest 
Safe TMod 

Nei'f(mi. 


D^UetUm 
in Inches, 


Greatest Distance in Feet Between Centres qf 
Beams for Distributed Load as Below. 


100 

Ftmnda 

per Square 

Foot. 


125 

Pounds 

per Square 

Foot. 


150 

Pounds 

per Square 

Fhot. 


176 

Pounds 

per Square 

Foot. 


6 
7 
8 

9 
10 
11 

12 
13 
14 

15 
16 
17 


18.34 
15.72 
13.75 

12.22 
11.00 
10.00 

9.17 
8.46 
7.86 

7.33 
6.88 
6.47 


.07 
.09 
.12 

.15 
.19 
.23 

.27 
.32 
.37 

.43 
.49 
.55 


61.1 
44.9 
34.4 

27.2 
22.0 
18.2 

15.3 
13.0 
11.2 

9.8 
8.6 
7.6 


48.9 
35.9 
27.5 

21.7 
17.6 
14.5 

12.2 

10.4 

9.0 

7.8 
6.9 
6.1 


40.8 
29.9 
22.9 

18.1 
14.7 
12.1 

10.2 
8.7 
7.5 

6.5 
5.7 
5.1 


34.9 
25.7 
19.7 

15.5 
12.6 
10.4 

8.7 
7.4 
6.4 

5.6 
4.9 
4.4 


18 
19 
20 

21 
22 

23 

24 
25 
26 

2? 
28 
29 


6.11 
6.79 
5.60 

6.24 
6.00 

4.78 

468 
4.40 
4.23 

4.06 
3.93 
3.79 


.62 
.69 
.76 

.84 

.92 

1.01 

1.10 
1.19 
1.29 

1.39 
1.49 
1.60 


6.8 
6.1 
6.6 

6.0 
4.6 
4.2 

3.8 
3.6 
3.3 

ao 

2.8 
2.6 


6.4 
4.9 
4.4 

4.0 
3.6 
3.3 

3.1 
2.8 
2.6 

2.4 

2.2 
2.1 


4.6 
4.1 
3.7 

3.8 
8.0 
2.8 

2.6 
2.3 
2.2 

2.0 
1.9 • 
1.7 


3.9 
3.6 

ai 

2.9 
2.6 
2.4 

2.2^ 
2.0 
1.9 

1.7 
1j6 
1.6 
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9" X BEAM— No. 92 B. 



30 FOUNDS FEB FOOT. 



Flange width 460 

Web tbickoees . . . > 0.56 



Area in square inchee . 
Besifitanoe 



8.82 
22.84 



Greatest safe load in net tons aniformlj distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-balf of the tabular load. 
Deflection for centre load will be -]% of the tabular deflection. 
For figures in small type deflection is excessive. 



Span 

tn 
Feet. 


GreaUst 
SaJeLoad 

in 
Net Tom. 


Deflection 
in Inches. 


Greatest Distance in Feet Behceen Centres qf 
Beams for Distributed Load as BeUno, 


100 

Pound* 

per Square 

Foot. 


125 

Pounds 

per Square 

Foot 


160 
Pounds^ 
per Square 
Fbot. 


176 

Pounds 

per Square 

Foot. 


6 
7 
8 

9 
10 
11 

12 
13 
14 

15 
16 
17 


20.31 
17.41 
15.23 

13.54 
12.18 
11.08 

10.15 
9.37 
8.70 

8.12 
7.62 
7.17 


.07 
.09 
.12 

.15 
.19 
.23 

.27 
.32 
.37 

.43 
.49 
.55 


67.7 
49.7 
38.1 

30.1 
24.4 
20.1 

16.9 
14.4 
12.4 

10.8 
9.5 
8.4 


54.2 
39.8 
30.5 

24.1 
19.5 
16.1 

13.5 

11.5 

9.9 

8.7 
7.6 
(8.7 


45.1 
33.2 
25.4 

20.1 
16.2 
13.4 

11.3 
9.6 
8.3 

7.2 
6.4 
5.6 


38.7 
28.4 
21.8 

17.2 
13.9 
11.5 

9.7 
8.2 
7.1 

6.2 
5.4 
4.8 


18 
19 
20 

21 
22 
23 

24 
25 
26 

27 
28 
29 


6.77 
6.41 
6.09 

6.80 
5.54 
5.S0 

5.08 
487 
469 

451 
4J6 
420 


.62 
.69 
.76 

.84 

.92 

1.01 

1.10 
1.19 
1.29 

1^ 
1.^ 
1.60 


7.5 
6.7 
6.1 

5.5 
6.0 
46 

42 
3.9 
3.6 

8.8 

8.1 
2.9 


6.0 
5.4 
49. 

44 
4.0 
8.7 

8.4 
3.1 
2.9 

2.7 
2.5 
2.3 


5.0 
45 
41 

a? 

3.4 
8.1 

2.8 
2.6 
2.4 

2.2 
2.1 
1.9 


43 
a9 
8.6 

8.2 
2.9 
2.6 

2.4 
2.2 
2.1 

1.9 
1.8 
1.7 



74 



9' I BEAM— No. 93 B. 



8^ FOUNDS FEB FOOT. 



Flange width . . 
IVeb thickness^ .. 



4.76 I Arwin square inches 10.29 

a72 I BesiBtanoe 26.0Q 



Greatest safe load in iiet tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be i^ of the tabular deflection. 

For figures in small type deflection is excessire. 



Span 

in 

Ftet. 


Orwteat 
SttfeLoad 

in 
NeiTms, 


Dejlectian 
in Inches, 


Greatest Distance in Feet Between Centres qf 
Beams for Distributed Load as Below, 


100 

Founds 

per Square 

Foot, 


125 

F(nmds 

per Square 

Foot. 


150 

Founds 

per Square 

Foot. 


175 

Pounds 

per Square 

Foot. 


6 
7 
8 

9 
10 
11 

12 
13 
14 

15 
16 
17 


22.27 
19.09 
16.71 

14.85 
13.36 
12.15 

11.14 

10.28 

9.55 

8.91 
8.35 
7.86 


.07 
.09 
.12 

.15 
.19 
.23 

.27 
.32 
.37 

.43 
.49 
.55 


74.2 
54.5 
41^ 

33.0 
2Q.7 
22.1 

18.6 
15.8 
13.6 

11.9 

10.4 

9.2 


59.4 
43.6 
33.4 

2B.4 
21.4 
17.7 

14.9 
12.7 
10.9 

9.5 
8.4 
7.4 


49.5 
36.4 
27.9 

22.0 
17.8 
14.7 

12.4 

10.5 

9.1 

7.9 
7.0 
6.2 


42.4 
31.2 
23.9 

18.9 
15.3 
12.6 

10.6 
9.0 
7.8 

6.8 
6.0 
5.3 


18 
19 
20 

21 
22 
23 

24 
25 
26 

27 
28 
29 


7.42 
7.08 
6.68 

6.86 
6.07 
5.81 

6.57 
6.85 
6.14 

4.77 
4.61 


.62 
.69 
.76 

.84 

.92 

1.01 

1.10 
1.19 
1.29 

1.89 
1.48 
f.60 


8.2 
7.4 
6.7 

6.1 
5.5 
5.1 

4.6 
4.8 
4.0 

8.7 
8.4 
8.2 


6.6 
5.9 
5.8 

4.8 
4.4 
4.0 

8.7 
8.4 
8.2 

2.9 
2.7 
2.5 


5.5 
4.9 
45 

4.0 
8.7 
8.4 

8.1 
2.9 
2.6 

2.4 
2.3 
2.1 


4.7 
4.2 
3.8 

8.5 
8.2 
2.9 

2.7 
2.4 
2.8 

2.1 
1.9 
1.8 
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S" X BfLA.M— No. 80 B. 



18 POUNDS FB3EI FOOT. 



Flange width 400 

Web thickness 0.27 



Area in square inches . 
Resistance 



8.29 
14.84 



Greatest safe load in net tons uniformlj distribated. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be j^ of the tabular deflection. 

For figures in small type deflection ia excessive. 



4Nm 

in 
Feet, 


Cfreatest 
Sqfe TMod 

in 
NU Tm*. 


Deflection 
in Inches. 


Greatest Distance in Feet Between Centres t^f 
Beams for Distributed Load as Below. 


100 

Pounds 

per Square 

Foot. 


125 

Tounds 

per Square 

Foot. 


150 

Founds 

per Square 

Fbot. 


175 
Pounds- 
per Square 
Foot. 


6 
7 
8 


12.75 

10.93 

9.56 


.08 
.10 
.14 


42.5 
31.2 
23.9 


34.0 
25.0 
19.1 


28.3 
20.8 
15.9 


24.3 
17.8 
13.7 


9 
10 
11 


8.50 
7.65 
6.95 


.17 
.21 
.26 


18.9 
15.3 
12.6 


15.1 
12.2 
10.1 


12.6 

10.2 
8.4 


10.8 
8.7 
7.2 


12 
13 
14 


6.38 
5.88 
5.46 


.31 
.36 
.42 


10.6 
9.0 
7.8 


8.5 
7.2 
6.2 


7.1 
6.0 
5.2 


^6.1 
5.2 
4.4 


15 


5.10 


.48 


6.8 


5.4 


4.5 


3.9 


16 
17 


47ft 

450 


.62 


6.6 
5.3 


4.ft 

42 


4U 
8.5 


3.4 
80 


18 
19 
20 


4.25 
4.03 
3.82 


.69 
.77 
.86 


47 
42 
8.8 


8.8 
3.4 
3.1 


3.1 
2.8 
2.5 


2.7 
2.4 
2.2 


21 
22 
23 


3.64 
3.48 
8.33 


.94 
1.04 
1.13 


8.6 

3.2 
2.9 


2.8 
2.5 
2.8 


2.3 
2.1 
1.9 


2.0 

1.8 
1.7 


24 
25 
26 


8.19 
8.06 

2.94 : 


1.23 
1.34 
1.45 


2.7 
2.4 
2.3 


2.1 
2.0 
1.8 


1.8 
1.6 

1.5 


l.ff 
1.4 
1.3 


27 
28 
29 


2.88 
2.73 
2.64 


1.56 
1.68 
1.80 


2.1 
2.0 
1.8 


1.7 
1.6 
1.5 


1.4 
1.3 
1.2 


1.2 
1.1 
1.0 
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S'^ X BEAM— No. 81 B. 



20.5 FOUNDS PER FOOT. 



Flange width 4.08 

Web thickness 0.35 



Area in square inches . 
Resistance 



6.03 
15.32 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -]% of the tabular deflection. 

For figures in small type deflection is excessive. 



Span 

in 

Feet. 


Greatest 
Safe Load 

in 
Net Tons. 


Deflection 
in Inches. 


Greatest Distance in Feet Bettoeen Centres qf 
Beams for DistribtUed Load a* Below. 


100 

Bounds 

per Square 

Foot. 


125 

I^mnds 

per Square 

Foot. 


150 

Founds 

per Square 

Foot. 


175 • 
Pounds 
per Square 
Foot. 


6 
7 
8 

9 
10 
11 

12 
13 
14 

15 


13.62 
11.67 
10.22 

9.08 
8.17 
7.43 

6.81 
6.29 
5.84 

5.45 


.08 
.10 
.14 

.17 
.21 
.26 

.31 
.36 
.42 

.48 


45.4 
33.3 
25.6 

20.2 
16.3 
13.5 

11.4 
9.7 
8.3 

7.3 


36.3 
26.7 
20.4 

16.1 
13.1 
11.8 

9.1 
7.7 
6.7 

5.8 


30.3 
22.2 
17.0 

13.5 

10.9 

9.0 

7.6 
6.5 
5.6 

4.8 


26.0 
19.1 
14.6 

11.5 
9.3 
7.7 

6.5 
5.5 
4.8 

4.2 


16 
17 

18 
19 
20 

21 
22 
23 

24 
25 
26 

27 
28 
29 


^11 

4.81 

454 
4.30 
4.09 

3.89 
3.71 
3.55 

3.41 
3.27 
8.14 

8.08 
2.92 
2.82 


.55 
.62 

.69 
.77 
.86 

.94 
1.04 
1.13 

1.23 
1.34 
1.45 

1.56 
1.68 
1.80 


5.7 

5.0 
4.5 
4.1 

3.7 
3.4 
3.1 

2.8 
2.6 
2.4 

2.2 
2.1 
1.9 


5.1 
4.5 

4.0 
3.6 
3.3 

3.0 
2.7 
2.5 

2.3 
2.1 
1.9 

1.8 
1.7 
1.6 


4.3 
3.8 

3.4 
8.0 
2.7 

2.5 
2.2 
2.1 

1.9 
1.7 
1.6 

1.5 
1.4 
1.3 


S.7 
8.2 

2.9 
2.6 
2.3 

2.1 
1.9 
1.8 

1.6 
1.5 
1.4 

1.8 
1.2 
1.1 
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S" X BEAM— No. 82 B. 



S3 POUNDS PBB FOOT. 

Flange width 4.17 I Area in square inches 6.76 

~ 16.30 



Web thickness 0.44 I Resistance 



Greatest safe load in net tons uniformly distributed. Fibre sixess 16,000 lbs. 

For a load in middle of beam, allow one^alf of the tabular load. 

Deflection for centre load will be ^^ of the tabular deflection. 

For flgures in small type deflection is excessive. 



Span 

in 

Feet. 


Greatest 
Safe Load 

in 
Net Tons. 


Deflection 
in Inches. 


Greatest Distance in Feet Between 
Beams for DistribtUed Load as 


Oenires qf 
Below. 


100 

Founds 

per Square 

Foot. 


125 

Pounds 

per Square 

Foot. 


160 

Pountls 

per Square 

Foot. 


175 

Pounds 

per Square 

Foot. 


6 
7 
8 


14.49 
12.42 
10.87 


.08 
.10 
.14 


48.3 
35.5 
27.2 


38.6 
28.4 
21.7 


32.2 
23.7 
18.1 


27.6 
20.3 
15.5 


9 
10 
11 


9.66 
8.70 
7.90 


.17 
.21 
.26 


21.5 
17.4 
14.4 


17.2 
13.9 
11.5 


14.3 

11.6 

9.6 


12.3 
9.9 
8.2 


12 
13 
14 


7.25 
6.69 
6.21 


.31 
.36 
.42 


12.1 

10.3 

8.9 


9.7 
8.2 
7.1 


8.1 
6.9 
5.9 


6.9 
5.9 
5.1 


15 


5.80 


.48 


7.7 


6.2 


5.2 


4.4 


16 
17 


6.4^ 
6.11 


.65 
.62 


g.8 
6.0 


4.8 


i.1 

4.0 


8.4 


18 
19 
20 


4.83 
4.58 
4.35 


.69 

.77 
.86 


5.4 
4.8 
4.4 


4.3 
3.9 
3.5 


3.6 
8.2 
2.9 


3.1 
28 
2.5 


21 
22 
23 


4.14 
3.95 
3.78 


.94 
1.04 
1.13 


3.9 
8.6 
3.3 


3.2 
2.9 
2.6 


2.6 
2.4 
2.2 


2.3 
2.1 
1.9 


24 
25 
26 


3.62 
3.48 
3.34 


1.23 
1.34 
1.45 


3.0 
2.8 
2.6 


2.4 
2.2 
2.1 


2.0 
1.9 
1.7 


1.7 
1.6 
1.5 


27 
28 
29 


3.22 
3.11 
3.00 


1.56 
1.68 
1.80 


2.4 
2.2 
2.1 


1.9 
1.8 
1.7 


1.6 
1.5 
1.4 


1.4 
1.3 
1.2 
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8"" Z B£AM— No. 83 B. 



25.5 POUNDS FEB FOOT. 



t 



Flange width 4.26 

Web thickness 0.63 



Area in square inches . 
Besistance 



7.60 
17.29 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one -half of the tabular load. 

Deflection for centre load will be jjf of the tabular deflection. 

For figures in small type deflection is excessive. 



Span 

in 
FeeL 


Greatest 
Safe Load 

in 
Net Ton*. 


Deflection 
in Inches, 


Greatest Distance in Feet Between Centres of 
Beams for Distributed Load €u Below. 


100 

Founds 

per Square 

Foot. 


126 

Founds 

per Square 

Foot. 


160 

Founds 

per Square 

Foot. 


175 

Founds 

per Square 

Foot. 


6 
7 
8 


15.37 
13.17 
11.52 


.08 
.10 
.14 


51.2 
37.6 
28.8 


41.0 
30.1 
23.0 


34.1 
25.1 
19.2 


29.3 
21.5 
16.5 


9 
10 
11 


10.24 
9.22 
8.38 


.17 
.21 
.26 


22.8 
18.4 
15.2 


18.2 
14.8 
12.2 


15.2 
12.3 
•10.2 


13.0 

10.5 

8.7 


12 
13 
14 


7.68 
7.09 
6.58 


.31 
.36 
.42 


12.8 

10.9 

9.4 


10.2 
8.7 
7.5 


8.5 
7.3 
6.3 


7.3 
6.2 
5.4 


15 


6.15 


.48 


8.2 


6.6 


5.5 


4.7 


16 
17 


6.42 


.62 


72 
6.4 


5.1 


4.8 
4.8 


4.1 

3.6 


18 
19 
20 


5.12 

4.86 
4.61 


.69 

.77 
.86 


6.7 
5.1 
4.6 


4.6 
4.1 
3.7 


3.8 
8.4 
3.1 


8.3 
2.9 
2.6 


21 
22 
23 


4.39 
4.19 
4.01 


.94 
1.04 
1.13 


4.2 
3.8 
3.5 


3.3 
3.0 
2.8 


2.8 
2.5 
2.8 


2.4 
2.2 
2.0 


24 
25 
26 


8.84 
3.69 
8.66 


1.23 
1.84 
1.46 


8.2 
3.0 

2.7 


2.6 
2.4 
2.2 


2.1 
2.0 
1.8 


1.8 
1.7 
1.6 


27 
28 
29 


3.41 
3.29 
8.18 


1.56 
1.68 
1.80 


2.6 
2.4 
2.2 


2.0 
1.9 
1.8 


1.7 
1.6 
1.5 


1.4 
1.8 
1.8 
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T-' I BEAM— No. 70 B. 



15 POUNDS PER FOOT. 



Flang* width 8.66 

Web thickness 0.25 



Area in square inches . 
Resistance 



4.41 
10.46 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -^ of the tabular deflection: 

For figures in small type deflection is excessiTe. 



Span 

in 
Feet. 


Oreatest 
&nfe TxMd 

in 
Netlbnt. 


DeflecHon 
in Inches, 


Oreatest Distance in Feet Between Centres aif 
Beams for DisiribiUed Loads as Below. 


100 

Founds 

per Square 

Foot. 


125 

Founds 

p^ Square 

Foot. 


160 

Founds 

per Square 

FMt. 


175 

Founds 

per Square 

Foot. 


6 
7 
8 


9.30 
7.97 
6.97 


.09 
.12 
.16 


31.0 
22.8 
17.4 


24.8 
18.2 
13.9 


20.7 
15.2 
11.6 


17.7 
13.0 
10.0 


9 
10 
11 


6.20 
5.58 
5.07 


.20 
.24 
.30 


13.8 

11.2 

9.2 


11.0 
8.9 
7.4 


9.2 
7.4 
6.1 


7.9 
6.4 
5.3 


12 

13 


4.65 
4.29 


.35 
.41 


7.8 
6.6 


6.2 
5.3 


5.2 
4.4 


4.4 
3.8 


14 


5.dd 


.48 


g.7 


i.^ 


U 


S.ft 


16 
16 
17 


8.72 
8.49 
8.28 


.55 
.63 
.71 


5.0 
4.4 
8.9 


4.0 
8.5 
8.1 


3.8 
2.9 
2.6 


2.8 
2.5 
2.2 


18 
19 
20 


8.10 
2.94 
2.79 


.79 
.88 
.98 


8.4 

3.1 
2.8 


2.8 
2.5 
2.2 


2.3 
2.1 
1.9 


2.0 
1.8 
1.6 


21 
22 
23 


2.66 
2.54 
2.48 


1.08 
1.19 
1.30 


2.5 
2.8 
2.1 


2.0 
1.8 
1.7 


1.7 
1.5 
1.4 


14 
1.8 
1.2 


24 
25 
26 


2.32 
2.23 
2.15 


1.41 
1.53 
1.66 


1.9 
1.8 
1.7 


1.5 
1.4 
1.3 


1.3 
1.2 
1.1 


1.1 

1.0 

.9 


27 
28 
29 


2.07 
1.99 
1.92 


1.79 , 

1.92 

2.06 


1.5 
1.4 
1.3 


1.2 
1.1 
1.1 


1.0 
.9 
.9 


.9 
.8 
.8 
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7'' X BEAM— No. 71 B. 



17.5 POUNDS P£B FOOT. 



Flange width 3.76 

Web thickness 0.35 



Area in square inches .... S.15 
Resistance 11.81 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabulur load. 
Deflection for centre load will be -^ of the tabular deflection. 
For figures in small type deflection is excessiTC. 



tn 
Feet. 


Oreaiett 
Safe Tsoad 

in 
Net Tone, 


Deflection 
in Inches. 


Oreaiest Distance in Feet Between 
Beams for Distributed Loads as 


Centres of 
Below. 


100 

JPwmds 

perSquare 

Fboi. 


125 

Pounds 

per Square 

Foot, 


160 

Pounds 

per Square 

Fbot. 


175 

Pounds 

per Square 

Fbot. 


6 
7 
8 


10.05 
8.62 
7.54 


.09 
.12 
.16 


33.5 
24.6 
18.9 


26.8 
19.7 
15.1 


22.3 
16.4 
12.6 


19.1 
14.1 
10.8 


9 
10 
11 


6.70 
6.03 
5.48 


.20 
.24 
.30 


14.9 
12.1 
10.0 


11.9 
9.6 
8.0 


9.9 
8.0 
6.6 


8.5 
6.9 
5.7 


12 

13 


5.03 
4.64 


.35 
.41 


8.4 
7.1 


6.7 
5.7 


5.6 
4.8 


4.8 
4.1 


14 


4.31 


.4i 


&2 


4.9 


4.1 


^.^ 


15 
16 
17 


4.02 
8.77 
3.66 


.56 
.63 
.71 


5.4 
4.7 
4.2 


4.3 
8.8 

a3 


8.6 

ai 

2.8 


8.1 
2.7 
2.4 


18 
19 
20 


a85 
8.17 
8,02 


.79 

.88 
.98 


8.7 
3.3 
3.0 


ao 

2.7 
2.4 


2.5 
2.2 
2.0 


2.1 
1.9 
1.7 


21 
22 
23 


2.87 
2.74 
2.62 


1.08 
1.19 
1.30 


2.7 
2.6 
2.8 


2.2 
20 

1.8 


1.8 
1.7 
1.5 


1.6 
1.4 
1.3 


24 
25 
26 


2.61 
2.41 
2.82 


141 
1.53 
1.66 


2.1 
1.9 
1.8 


1.7 
1.5 
1.4 


1.4 
1.3 
1.2 


1.2 
1.1 
1.0 


27 
28 
29 


2.28 
2.16 
2.08 


1.79 
1.92 
2.06 


1.7 
1.5 
1.4 


1.3 
1.2 
1.1 


1.1 
1.0 
1.0 


.9 
.9 
.8 
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7'' I B£AM— No. 72 B. 



20 POUNDS FEB FOOT. 



Flange width 8.86 I Area in square inches . 

Web thickness 0.45 I Resistance 



6.88 
12.16 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load will be -fs of the tabular deflecUon. 
For figures in small type deflection is excessiTe. 



Span 

in 
Feet. 


Greatest 
SafelAMd 

in 
Net Tom. 


Deflection 
in Inches, 


Greatest Distance in Feet Between Centres qf 
Beams for Distrilntted Tsoad as Below, 


100 

Pounds 

per Square 

Foot. 


125 

Pounds 

per Square 

Foot, 


160 

Pounds 

per Square 

FboU 


175 

Pounds 

per Square 

Foot, 


6 
7 
8 


10.81 
9.26 
8.11 


.09 
.12 
.16 


36.0 
26.5 
20.3 


28.8 
21.2 
16.2 


24.0 
17.6 
13.5 


20.6 
15.1 
11.6 


9 
10 
11 


7.20 
6.48 
5.89 


.20 
.24 
.30 


16.0 
13.0 
10.7 


12.8 

10.4 

8.6 


10.7 
8.6 
7.1 


9.1 
7.4 
6.1 


12 
13 


5.40 
4.99 


.35 
.41 


9.0 
7.7 


7.2 
6.1 


6.0 
5.1 


5.1 
4.4 


14 


4.«S 


.48 


4.6 


U 


4.4 


U 


15 


4.32 


.55 


5.8 


4.6 


8.8 


8.8 


16 


4.06 


.63 


5.1 


4.1 


8.4 


2.9 


17 


3.81 


.71 


4.6 


8.6 


8.0 


2.6 


18 


8.60 


.79 


4.0 


9.2 


2.7 


2.3 


19 


8.41 


.88 


3.6 


2.9 


2.4 


2.1 


20 


3.24 


.98 


3.2 


2.6 


2.2 


1.9 


21 


8.09 


1.08 


2.9 


2.4 


2.0 


1.7 


22 


2.95 


1.19 


2.7 


2.1 


1.8 


1.5 


23 


2.82 


1.30 


2.5 


2.0 


1.6 


1.4 


24 


2.70 


1.41 


2.8 


1.8 


1.5 


1.3 


25 


2.59 


1.58 


2.1 


1.7 


1.4 


1.2 


26 


2.49 


1.66 


1.9 


1.5 


1.3 


1.1 


27 


2.40 


1.79 


1.8 


1.4 


1.2 


1.0 


28 


2.82 


1.92 


1.7 


1.3 


1.1 


.9 


29 


2.24 


2.06 


1.5 


1.2 


1.0 


.9 
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6' Z B£AM— No. 60 B. 



1S.S5 POUNDS FEB FOOT. 



Flsnge width 8.88 

Web thickness 23 



Area in sqaare inches 8.60 

Resistance 7.36 



Qrefttest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load will be i% of the tabular deflection. 
For figures in small type deflection is excessive. 



Stpan 

in 

FseL 


Oreatett 
SoifeLoad 

in 
Net Tons. 


Detection 
in Inches. 


Greatest Distance in Feet Bettoeen Centres of 
Beams for Distributed Load cu Below. 


100 

Founds 

per Square 

Foot. 


126 

Founds 

per Square 

Foot. 


160 

Founds 

per Square 

Foot. 


176 

Founds 

per Square 

Foot. 


6 
7 
8 


6.55 
6.61 
4.91 


.10 
.14 
.18 


21.8 
16.0 
12.3 


17.5 

12.8 

9.8 


14.6 

10.7 

8.2 


12.5 
9.2 
7.0 


9 
10 
11 


4.36 
3.93 
3.57 


.23 
.29 
.35 


9.7 
7.9 
6.5 


7.8 
6.3 
5.2 


6.5 
5.2 
4.3 


5.5 
4.5 
3.7 


12 
13 
14 


8.27 
a02 
2.81 


.41 
.48 
.56 


5.6 
4.6 
4.0 


44 
3.7 
3.2 


8.6 
3.1 

2.7 


8.1 
2.7 
2.3 


15 
16 
17 


2.62 
2.45 
2.81 


.64 
.73 
.88 


8.5 
8.1 
2.7 


2.8 
2.6 
2.2 


2.3 
2.0 
1.8 


2.0 
1.8 
1.6 


18 
19 
20 


2.18 
2.07 
1.96 


.93 
1.03 
1.14 


2.4 
2.2 
2.0 


1.9 
1.7 
1.6 


1.6 
1.6 
1.3 


1.4 
1.2 
1.1 


21 
22 
23 


1.87 
1.79 
1.71 


1.26 
1.38 
1.61 


1.8 
1.6 
1.5 


1.4 
1.3 
1.2 


1.2 
1.1 
1.0 


1.0 
.9 

.8 


24 
25 
26 


1.64 
1.57 
1.81 


1.65 
1.79 
1.93 


1.4 
1.8 
1.2 


1.1 

1.0 

.9 


.9 
.8 
.8 


.8 
.7 

.7 


27 
28 
29 


1.46 
1.40 
1.35 


2.08 
2.24 
2.40 


1.1 

1.0 

.9 


.9 

.8 

.7 


.7 
.7 
.6 


.6 
.6 

•.5 
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6^ Z BEAM~No. 61 B. 



■ 



14.75 POUNDS FEB FOOT. 



Flange width 8.44 

Web thickneBS . . 0.84 



Area in square iochea 
Besistance 



4.84 
8.09 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be i^ of the tabular deflection. 

For figures in small type deflection is exoessiTe. 



in 
Feet. 


GreaUst 
Safe Load 

in 
Nei Ibfw. 


Defleetion 
in Inchet, 


Greatest Distance in Feet Between Centre* qf 
Beams for Distributed Load as Below. 


100 

Pownds 

per Square 

Foot. 


125 

Fimnds 

per Square 

Foot. 


150 

Pounds 

per Square 

Fbot. 


175 

Founds 

per Square 

Foot. 


6 
7 
8 

9 
10 
11 


7.19 
6.17 
5.40 

4.80 
4.32 
3.92 


.10 
.14 
.18 

.23 
.29 
.35 


24.0 
17.6 
13.5 

10.7 
8.6 
7.1 


19.2 
14.1 
10.8 

8.5 
6.9 
5.7 


16.0 

11.8 

9.0 

7.1 
5.8 
4.8 


13.7 

10,1 

7.7 

6.1 
4.9 
4.1 


12 
13 
14 

15 
16 
17 

18 
19 
20 

21 
22 
23 

24 
25 
26 

27 
28 
29 


8.60 
8.32 
8.08 

2.88 
2.70 
2.54 

2.40 
2.27 
2.16 

2.06 
1.96 
1.88 

1.80 
1.73 
1.66 

1.60 
1.64 
1.49 


.41 
.48 
.56 

.64 
.78 
.83 

.93 
1.03 
1.14 

1.26 
1.88 
1.61 

1.66 
1.79 
1.93 

2.08 
2.24 
2.10 


6.0 
5.1 
4.4 

8.8 

a4 

8.0 

2.7 
2.4 
2.2 

20 
1.8 
1.6 

1.5 
1.4 
1.8 

1.2 
1.1 
1.0 


4.8 
4.1 
3.5 

3.1 
2.7 
2.4 

2.1 
1.9 
1.7 

1.6 
1.4 
1.8 

1.2 
1.1 
1.0 

.9 
.9 
.8 


4.0 
3.4 
2.9 

2.6 
2.3 
2.0 

1.8 
1.6 
1.4 

1.8 
1.2 
1.1 

1.0 
.9 
.9 

.8 
.7 

.7 


3.4 
2.9 
2.5 

2.2 
1.9 
1.7 

1.5 
1.4 
1.2 

1.1 

1.0 

.9 

.9 

.8 

.7 

.7 
.6 
.6 
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er Z B£AM— No. 62 B. 



17.J85 POUNDS FEB FOOT. 



Flange width 8.56 

Webthickn60B 0.46 



Area in square inches. 
Besistanoe. 



5.07 
8.83 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load will be ^^ of the tabular deflection. 
For figures in small type deflection is excessiye. 



Span 

in 

FeeL 


Qreatett 
8aStLoad 

in 
NetJbn*, 


Deflection 
in Inches. 


Greatest Distance in Feet Betxoeen Centres ttf 
Beams far Distributed Load as Below. 


100 

I^nds 

per Square 

Fbot. 


125 

Pounds 

per Square 

Foot, 


150 

Founds 

per Square 

Foot. 


175 

Pounds 

per Sqfuare 

Foot. 


6 
7 
8 


7.85 
6.73 
5.89 


.10 
.14 
.18 


26.2 
19.2 
14.7 


20.9 
15.4 
11.8 


17.4 

12.8 

9.8 


15.0 

11.0 

8.4 


9 
10 
11 


5.23 
4.71 
4.28 


.23 
.29 
.35 


11.6 
9.4 
7.8 


9.3 
7.5 
6.2 


7.7 
6.3 
5.2 


6.6 
5.4 
4.4 


12 


3.93 


.41 


6.6 


52 


4.4 


8.7 


13 


a62 


.48 


5.6 


4.5 


8.7 


3.2 


14 


8.37 


.56 


4.8 


&9 


3.2 


2.8 


15 


8.14 


.64 


4.2 


3.3 


2.8 


2.4 


16 


2.94 


.78 


8.7 


2.9 


2.5 


2.1 


17 


2.77 


.83 


8.3 


2.6 


2.2 


1.9 


18 


2.62 


.93 


2.9 


2.3 


1.9 


1.7 


19 


2.48 


1.03 


2.6 


2.1 


1.7 


1.5 


20 


2.86 


1.14 


2.4 


1.9 


1.6 


1.3 


21 


2.24 


1.26 


2.1 


1.7 


1.4 


1.2 


22 


2.14 


1.38 


1.9 


1.6 


1.3 


1.1 


23 


2.05 


1.51 


1.8 


1.4 


1.2 


1.0 


24 


1.96 


1.65 


1.6 


1.3 


1.1 


.9 


25 


1.88 


1.79 


1.5 


1.2 


1.0 


.9 


26 


1.81 

t 


1.93 


1.4 


1.1 


.9 


.8 


.27 


1.74 


2.08 


1.3 


1.0 


.9 


.7 


28 


1.68 


2.24 


1.2 


10 


.8 


.7 


29 


1.62 


2.40 


1.1 


.9 


.7 


.6 
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Flaoge wl 
WeblUldi 



I' I BEAM.— No. eS B. 

LEAST SEOnOH. 
S3.9 POUNDS PEB FOOT. 

■ . ^ . - . 4,75 I Areft in iqiuTB tmifaflt , , . * 7j 
O.sa I Balgtance U.< 

1 nit taiu uDUormlr dlitrlbulad. Flbn gtren It.OOO U 
middle of batu, illov oneJulf af ths tabalir loWL 
sr centra lomd wUI be i^ of the UbuUr d 
For Sgnna in unkll trpe dtf actian la «ioe«li 



s 


1 


i 


3 




ii 


i 












6 

7 
8 


12.43 

10.66 
9J3 


120 


JO 

.14 
.18 


41.4 

X.5 
23.3 


33.1 
24.4 


20.3 
15.5 


23.7 
17.4 

13.3 


87.74 

63.91 
49.34 


g 

10 

11 


a29 


.18 
.16 
.14 


.23 
.29 

J5 


18.4 
14.9 

12J 


14.7 
11.9 
9.9 


12.3 


10.6 
S.5 
7X 


39.18 
31.58 
26.31 


12 
13 

14 






'« 










leilJ 


15 
16 

17 


ii 


M 


;^ 


si 


11 


11 


\% ' "m 


18 

19 
20 


il 


m 


m 


IT 


P 


3.1 


1,! 


;l 


21 


i 


^7 


!:m 


34 


J^ 


:! 


1:1 


sisfi 


24 
25 

2G 


iaj 


'.OB 


l.?l 


i.t 


Ifl 


i;: 


W 


II 


27 
2S 

29 


Ii 


.m 


iS 


13 


\\ 


ii 


!:i 


4» 

4,13 



: BBAM— No. 68 B. 

IBEArKST SECnOtf. 
1 FODNIIS TEB. FOOT, 

. . . 4.M I ATM Id aqaore li 
. . , o.M I r- ■ 



IS MDltenaij distributed. Fibre itros 16,000 Iba. 

' or the tBbulu lomd. 
re loul Kill be A of the Ubulmr deflection. 



middle at beun, thaw oi 







Farflrir«iii 


nuU type defleot) 


ODl.e.««i.o. 




1 


1 

Is 


i 




Oraituf DUIana in F«l Betwan 


if 


1 




125 


ISO 


17B 


6 
7 

8 


13.43 
11.51 

10.08 


.28 
,22 
JO 


.10 
.14 
.18 


44.8 
32.9 

25.2 


3S.8 
28.3 
20.2 


29.8 
21.9 

16.8 


14.4 


ff7.74 
63.91 
49.34 


9 

10 
11 


aoe 

8.06 
7.33 


.18 

■le 

.14 


!29 
.35 


19.9 
18.1 

13.3 


15.9 
12.9 

ia7 


113 

10-7 
8.9 


11.4 
9.2 

7.8 


39.18 
31.58 

2831 


12 
13 
14 












bA 


l\ 


lailJ 


IS 

le 

17 


S:S 


.11 


.13 


1:1 


11 


3S 


l\ 


ia:» 


18 
19 
20 


tw 


.(IS 


i:S 


a.o 


11 


1% 


l\ 


S.H 
S.H 


21 
22 


s 


;" 


il 


g 


«;? 


t.i 


i.7 


S.4S 


24 

i 


a.ii 


.08 


i!a3 




S 


S:S 


I,* 


b!ds 
4.Ba 


27 
28 
29 


8.99 


.Dfl 
.00 


!.UB 


2.2 


11 


i:l 


i:* 


3:ai 



5' X BEAM— No. 50 B. 



0.75 POUNDS F£R FOOT. 



Flange width aoo 

Web IhickneBS 21 



Area in square inches . 
BesisUnoe 



2.87 
4.86 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be i^ of the tabular deflection. 

For figures in small tjpe deflection is excessive. 









Greatest Distance in Feet Bet/ween 


Centres qf 


in 


Oreatest 

Sc^e Tjoad 

in 


Defleetim 
in Inches. 


Beams for Distributed Load as 


Below. 


100 


125 


150 


176 


Feet. 


Net Tone, 




F[mnds 


Pounds 


Pounds 


Pounds 








per Square 


per Square 


per Square 


per Square 








Foot. 


Foot. 


Foot. 


Ibot. 


4 


6.48 


.05 


32.4 


25.9 


21.6 


18.5 


5 


5.17 


.09 


20.7 


16.5 


13.8 


11.8 


6 


4.31 


.12 


14.4 


11.5 


9.6 


8.2 


7 


3.69 


.17 


10.5 


8.4 


7.0 


6.0 


8 


3.23 


.22 


8.1 


6.5 


5.4 


4.6 


9 


2.87 


.28 


6.4 


5.1 


4.3 


3.6 


10 


2.59 


.84 


5.2 


4.1 


3.5 


8.0 


11 


2.85 


.41 


4.3 


3.4 


2.8 


2.4 


12 


2.16 


.49 


ae 


2.9 


2.4 


2.1 


13 


1.99 


.68 


8.1 


2.4 


. 2.0 


18 


14 


1.85 


.67 


2.6 


2.1 


1.8 


1.6 


15 


1.72 


.77 


2.8 


1.8 


1.5 


1.3 



Flange width . 
Web thickness. 



5" X BEAM-No. 51 B. 

[JKDS 

{.14 I 
.85 I Resistance 



19.S5 POUNDS PER FOOT. 

3.14 I Area in square inches 



3.60 
6.46 



4 


7.29 


.05 


36.5 


29.2 


24.3 


20.8 


5 


5.83 


.09 


23.3 


18.7 


15.5 


13.3 


6 


4.86 


.12 


16.2 


13.0 


10.8 


9.3 


7 


4.16 


.17 


11.9 


9.5 


7.9 


6.8 


8 


3.64 


.22 


9.1 


7.3 


6.1 


5.2 


9 


3.24 


.28 


7.2 


5.8 


4.8 


4.1 


10 


2.91 


.34 


5.8 


4.7 


3.9 


3.3 


11 


2.65 


.41 


4.8 


3.9 


3.2 


2.8 


12 


2.43 


.49 


4.1 


3.2 


2.7 


2.3 


13 


2.24 


.68 


3.4 


2.8 


2.3 


2.0 


14 


2.08 


.67 


3.0 


2.4 


2.0 


1.7 


15 


1.94 


.77 


2.6 


2.1 


1.7 


1.5 
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5" Z B£AM— No. 52 B. 



14.75 POUNDS FEB FOOT. 



Flange width 3.28 

WebthickneBS 0.49 



Area in square inches .... 4.34 
Besistance 6.07 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be ^ of the tabular deflection. 

For figures in small type deflection is exoessiTe. 



Span 

in 
Feet. 


Greatest 
Safe iMid 

in 
yet Tons. 


Deflection 
in Inches. 


Greatest Distance in Feet Betvoeen Centres qf 
Beams for Distributed Load as Below, 


100 

Pounds 

per Square 

Foot. 


125 

Founds 

per Square 

Fbot. 


150 
Pounds 

per Square 
Foot. 


175 

Pounds 

per Square 

Foot. 


4 
5 
6 

7 
8 
9 


8.10 
6.48 
5.40 

4.63 
4.05 
3.60 


.05 
.09 
.12 

« 

.17 
.22 
.28 


40.5 
25.9 
18.0 

13.2 

10.1 

8.0 


32.4 
20.7 
14.4 

10.6 
8.1 
6.4 


27.0 
17.3 
12.0 

8.8 
6.8 
5.3 


23.1 
14.8 
10.3 

7.6 
5.8 
4.6 


10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

25 

26 
27 


8.24 ^ 
2.94 ^ 
^.70 

2.49 
2.81 
2.16 

2.02 
1.90 
1.80 

1.70 
1.62 
1.64 

1.47 
1.41 
1.85 

1.30 
1.25 
1.20 


.34 
.41 
.49 

.58 
.67 

.77 

.88 

.99 

1.11 

1.24 
1.37 
1.51 

1.66 
1.81 
1.97 

2.14 
2.32 
2.60 


6.5 
5.3 
4.5 

3.8 
3.3 
2.9 

2.5 
2.2 
2.0 

18 
1.6 
1.6 

1.3 
1.2 
1.1 

1.0 

1.0 

.9 


5.2 
4.3 
3.6 

3.1 
2.6 
2.3 

2.0 
1.8 
1.6 

1.4 
1.3 
1.2 

1.1 

1.0 

.9 

.8 
.8 

.7 


4.3 

a6 

3.0 

2.6 
2.2 
1.9 

1.7 
1.5 
1.3 

1.2 
1.1 
1.0 

.9 

.8 
.8 

.7 
.6 
.6 


8.7 
8.1 
2.6 

2.2 
1.9 
1.6 

1.4 
1.3 
1.1 

1.0 
.9 
.8 

.8 
.7 
.6 

.6 
.5 
.5 
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4" X BEAM— No. 40 B. 



7.5 FOUNDS P£B FOOT. 



FlEDge width 2.66 

Web thickness 19 



Area in square inches 2.20 

Resistance 2.96 



Gxeatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load will be ^ of the tabular deflection. 
For figures in small type deflection is excessive. 



• 

Span 

in 

Feet, 


Greatest 
SoifeLoad 

in 
Net Tims. 


DefiecHm 
in Inches. 


Greatest Distance in Feet Between Centres nif 
Beams for Distributed Load as Below. 


100 

Pounds 

per Square 

Foot 


126 

Pounds 

per Square 

Foot. 


160 

Pounds 

per Square 

FooL 


176 

Powids 

per Square 

FooL 


4 
5 
6 

7 
8 


3.93 
3.15 
2.62 

2.25 
1.97 


.on 

.11 
.15 

.21 
.27 


19.7 

12.6 

8.7 

6.4 
4.9 


15.7 

10.1 

7.0 

5.1 
3.9 


13.1 
8.4 
5.8 

4.3 
3.3 


11.2 
7.2 
5.0 

3.7 
2.8 


9 

10 
11 
12 

13 
14 
15 


1.76 

1.67 
1.43 
1.31 

1.21 
1.12 
1.06 


.35 

.43 
.62 
.62 

.72 
.84 
.96 


5.5 

3.1 
2.6 
2.2 

1.9 
1.6 
1.4 


ft.l 

2.6 
21 
1.7 

1.6 
1.8 
1.1 


2.1 
1.7 
1.6 

1.2 

1.1 

.9 


2.2 

1.8 
1.5 
1.2 

1.1 
.9 
.8 



Flange width. 
Web thickness 



4' Z BEAM— No. 41 B. 

8.5 POUNDS P£B FOOT. 

2.72 I Area in square inches . 



.26 I Resistance. 



2.60 
8.15 



4 


4.19 


.07 


21.0 


16.8 


14.0 


12.0 


5 


3.36 


.11 


13.4 


10.8 


9.0 


7.7 


6 


2.80 


.15 


9.3 


7.5 


6.2 


5.3 


7 


2.40 


.21 


6.9 


5.5 


4.6 


3.9 


8 


2.10 


.27 


5.3 


4.2 


3.5 


3.0 


9 


1.^ 


.35 


4.1 


3.3 


2.d 


2.4 


10 


1.68 


.43 


3.4 


2.7 


2.2 


1.9 


11 


1.52 


.62 


2.8 


2.2 


1.8 


1.6 


12 


1.40 


.62 


2.3 


1.9 


1.6 


1.3 


13 


1.29 


.72 


2.0 


1.6 


1.3 


1.1 


14 


1.20 


.84 


1.7 


1.4 


1.1 


1.0 


15 


1.12 


.96 


1.6 


1.2 


1.0 


.9 
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4r Z BEAM— No. 42 B. 



9.5 POUNBS FEB FOOT. 



Flange width 2.79 

Web thickness 82 



Area in square inches 2.79 

BesiBtanoe 3.84 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 
For a load in middle of beam, allow one>half of the tabular load. 
Deflection for centre load will be i^ of the tabular deflection. 
For figures in small type deflection is excessive. 



in 
FeeU 



4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 



Oreatesl 




Safe Load 


Deflection 


in 


inlnehe*. 


Net Ton*. 




4.45 


.07 


3.56 


.11 


2.97 


.15 


2.55 


.21 


2.23 


.27 


l.dS 


,zh 


1.78 


.48 


1.62 


.52 


1.48 


.62 


1.37 


.72 


1.27 


.84 


1.19 


.96 



Oreatest Distance in Feet Between Oentree o^ 
Beams Jot Distributed Load cu Below. 



100 

Founds 

per Square 

Foot. 



22.3 

14.2 

9.9 

7.3 
5.6 



3.6 
2.9 
2.5 

2.1 
1.8 
1.6 



125 

Pounds 

per Square 

Foot. 



17.8 

11.4 

7.9 

5.8 
4.5 



8:6 

2.8 
2.4 
2.0 

1.7 
1.5 
1.3 



160 

Po!unds 

per Square 

Foot. 



14.8 
9.5 
6.6 

4.9 
3.7 



TT 

2.4 
2.0 
1.6 

1.4 
1.2 
1.1 



176 

Pounds 

per Square 

FooL 



12.7 
8.1 
5.7 

4.2 
3.2 



IT 

2.0 
1.7 
1.4 

1.2 

1.0 

.9 



Flange width. 
Web thickness 



41' Z 3EAM— No. 43 B. 

10.5 POUNDS P£B FOOT. 

2 86 I Area in square inches 



.39 



Besistanoe. 



3.09 
8.64 



4 


4.71 


.07 


23.6 


18.8 


15.7 


13.5 


5 


3.77 


.11 


15.1 


12.1 


10.1 


8.6 


6 


3.14 


.15 


10.5 


8.4 


7.0 


6.0 


7 


2.69 


.21 


7.7 


6.2 


5.1 


4.4 


8 


2.36 


.27 


5.9 


4.7 


3.9 


3.4 


9 


2.M 


.U 


4.6 


S.7 


3.1 


2.7 


10 


1.89 


.43 


3.8 


3.0 


2.6 


2.2 


11 


1.71 


.52 


8.1 


2.5 


2.1 


1.8 


12 


1.57 


.62 


2.6 


2.1 


1.8 


1.6 


13 


1.46 


.72 


2.2 


1.8 


1.5 


1.3 


14 


1.35 


.84 


1.9 


1.5 


1.3 


1.1 


15 


1.26 


.96 


1.7 


1.3 


1.1 


1.0 



PI 



3'' Z BEAM— No. SO B. 

5.5 POUNBS PER FOOT. 

Flange width Z83 I Area in equaze inches 1.62 

Web thickness 0.17 I Resistanoe 1.62 



Greatest safe load in net tons nniformlj distzibated. Fibre itress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be -j^ of the tabalar deflection. 

For figures in small tjpe deflection is excessive. 









Greatest Distance in Feet Between OaUres f^ 


Span 


Oreatest 
Soft Load 


Deflection 


Beams for Distributed Load as 


BeUno. 










tn 


" m 

tn 


in Inches. 


100 


125 


150 


175 


lihet. 


Net Ton$. 




Pounds 


Pounds 


Pounds 


Pounds 








per Square 


per Square 


per Square 


per Square 








Foot. 


FooU 


Foot, 


Foot. 


4 


2.16 


.09 


10.8 


8.6 


7.2 


6.2 


5 


1.73 


.14 


6.9 


5.5 


4.6 


4.0 


6 


1.44 


.21 


U 


U 


U 


2.7 


7 


1.23 


.28 


3.6 


2.8 


2.3 


2.0 


8 


1.08 


.87 


2.7 


2.2 


1.8 


1.5 


9 


.96 


.46 


2.1 


1.7 


1.4 


1.2 


10 


.86 


.67 


1.7 


1.4 


1.1 


1.0 


11 


.79 


.69 


1.4 


1.1 


1.0 


.8 


12 


.72 


.82 


1.2 


1.0 


.8 


.7 


13 


.66 


.97 


1.0 


.8 


.7 


.6 


14 


.62 


1.12 


.9 


.7 


.6 


.5 


15 


.58 


1.29 


.8 


.6 


.5 


.4 



Flange width . 
Web thickness. 



3"" Z BELOI— No. 31 B. 

6.5 POUNDS PICB FOOT. 

2.40 I Area in square inches 



0.24 I Resistance 



1.91 
1.76 



4 


2.35 


.09 


11.8 


9.4 


7.8 


6.7 


5 


1.88 


.14 


7.5 


6.0 


5.0 


4.3 


6 


l.W 


.21 


6.2 


4.2 


U 


u 


7 


1.34 


.28 


a8 


3.1 


2.6 


2.2 


8 


1.17 


.37 


2.9 


2.3 


2.0 


1.7 


9 


1.04 


.46 


2.3 


1.8 


1.5 


1.3 


10 


.94 


.57 


1.9 


1.6 


1.3 


1.1 


11 


.85 


.69 


1.5 


1.2 


1.0 


.9 


12 


.78 


.82 


1.3 


1.0 


.9 


.7 


13 


.72 


.97 


1.1 


.9 


.7 


.6 


14 


.67 


1.12 


1.0 


.8 


.6 


.5 


15 


.63 


1.29 


.8 


.7 


.6 


.5 
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3" 2 BEAM— No. 32 B. 



7.5 POUNDS PER FOOT. 



Flange width 2.50 

Web thickness 0.34 



Area in square inches 
Resistance 



2.20 
1.91 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-half of the tabular load. 

Deflection for centre load will be ^ of the tabular deflection. 

For figures in small type deflection is excessiye. 



iS^pan 

in 
Feet. 


Cfreatest 
Sctfe Load 

in 
Net Tms. 


Deflection 
in Incites. 


Greatest Distance in Feet Between Centres of 
Beams for Districted Load as Below. 


100 

Pounds 

per Square 

Foot. 


125 

Pounds 

per Square 

Foot. 


150 

Pounds 

per Square 

Foot. 


175 

Pounds 

per Square 

Foot. 


4 
6 


2.55 
2.04 


.09 
.14 


12.8 
8.2 


10.2 
6.5 


8.5 
5.4 


7.3 
4.7 


6 

7 
8 
9 

10 
11 

13 
14 
15 


1.70 

1.46 
1.28 
1.13 

1.02 
.93 

.85 

.78 
.73 
.68 


.21 

.28 
.37 
.46 

.57 
.69 
.82 

.97 
1.12 
1.29 


5.V 

4.2 
3.2 
2.6 

2.0 

1.7 
1.4 

1.2 

1.0 

.9 


4.5 

3.3 
2.6 
2.0 

1.6 
1.4 
1.1 

1.0 
.8 
.7 


3.8 

2.8 
2.1 
1.7 

1.4 

1.1 

.9 

.8 
.7 
.6 


3.2 

2.4 
1.8 
1.4 

1.2 

1.0 

.8 

.7 
.6 
.6 
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PENCOYD CHANNELS. 

Greatest safe loads in net tons erenly distributed, indading beam itsdl 
For concentrated load in middle of beam take one half amount in table. 



t 



!l 



15 
15 
15 
15 
15 
15 

13 

13 

12 
12 
12 
12 
12 
12 
12 



<«! 



10 


lOOO 


10 


lOlC 


10 


102C 


10 


103C 


10 


104C 


9 


90C 


9 


91C 


9 


92C 


9 


93C 


9 


95C 


9 


95C 



1^1 

1^^ 



150C 
151C 
152C 
153C 
154C 
155C 

130C 

130C 

120C 
121C 
122C 
123C 
124C 
128C 
128C 



33.0 
35.0 
40.0 
45.0 
50.0 
55.0 

31.9 

to 

48.5 

20.5 
25.0 
30.0 
35.0 
40.0 
20.5 
32.0 

15.0 
20.0 
25.0 
30.0 
35.0 

13.25 

15.0 

20.0 

25.0 

20.3 

to 
28.0 



Length of Span in FeeL 



8 



9 



10 



11 



12 



13 



14 



15 



Safe Load in Net Tons. 



27.66 24.58 
28.66 |25.48 
31.11 27.66 
33.56 '29.83 
39.32 134.95 
41.76 37.12 

.(»7"| .09 



22.13 20.12 18.44 117.02 
22.93 120.85 19.11 jl7.64 
24.89 '22.63 20.74 ! 19.15 



26.85 

31.45 

33.41 
.11 



24.44 21.72 19.55 



31.41 27.92 25.13 



.u« 



.11 



.13 



14.3612.76 11.49 

16.12 Il4.33 12.90 

18.09 !l6.08 14.47 

23.08 [20.51 18.46 

25.03 22.25 20.02 



13.78 
18.26 



.09 



8.94 
10.58 
13.35 
14.98 
16.61 



12.24 11.02 
16.23 14^ 

.14 



24.41 

28.59 

30.37 
.14 



22.38 20.65 



17.77 



22.85 20.94 



26.21 
27.84 

.16 



24.19 
25.70 



.19 



15.81 
16.38 
17.78 
19.18 
22.47 
23.87 



16.29 



.Hi 



12 



7.95 
9.41 



7.16 
8.47 



11.87 ,10.68 
13.32 !ll.99 
14.77 ,13.29 



10.45 
11.73 
13.16 
16.78 
18.20 
10.02 
13.28 



.i« 



.17 



.11 


.14 


7.10 


6.31 1 


7.61 


6.76 


9.92 


8.82 


11.40 


10.13 , 


10.40 


9.24' 



17 



6.51 

7.70 

9.71 

10.90 

12.08 

.21 



9.58 
10.75 
12.06 
15.38 
16.69 

9.18 

12.17 
.21 



15.04 



19.33 



.22 



5.68 
6.09 
7.94 
9.12 
8.32 



12.65 11.25 10.12 

.J-^ .151 .19 



5.16 
5.53 
7.22 
8.29 
7.56 



5.97 
7.05 
8.90 
9.99 
11.08 



8.^ 
9.92 
11.13 
14.20 
15.40 
8.48 
11.23 



.22 



13.96 



17.95 



.26 



8.21 

9.21 

10.34 



14.76 
15.29 
16.59 
17.90 
20.97 
22.27 



.26 



13.03 



16.75 



.29 



7.66 
8.60 
9.65 



13.19 !l2 31 
14.30 '13.35 



.24 



.25 



4.73 
5.07 
6.61 
7.60 
6.93 



5.51 
6.51 
8.21 
9.22 
10.22 

.29 



7.87 
10.43 



.28 



9.20 8.44 



.23 



.27 



4.37 
4.68 
6.11 
7.01 
6.40 

7.79 

.32 



5.11 
6.05 
7.63 
8.56 
9.49 



7.35 
974 

.32 



.34 



4.05 
4.35 
5.67 
6.51 
5.94 

7.23 

.37 



4.77 
5.64 
7.12 
7.99 
8.86 



.39 



3.78 
4.06 
5.29 
6.06 
5.54 

6.75 
.43 
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PENCOYD CHANNELS. 

Small figures give deflection in inches for loads abova For one half load at 
centre reduce deflection one-fifth. Deflection below black line is excessiye. 



Length cf Span in FeeL 


SS .B 


16 


18 


20 


22 


24 


26 


28 


SO 


32 




Safe Load in Net Tons. 


CQ«i 


13.83 


12.29 


11.07 


10.06 


9.22 


8.51 


7.90 


7.38 


6.92 


15 


14.33 


12.74 


11.47 


10.42 


9.55 


8.82 


8.19 


7.64 


7.17 


15 


15.56 


13.83 


12.45 


11.31 


10.37 


9.57 


8.89 


8.30 


7.78 


15 


16.78 


14.92 


13.43 


12.20 


11.19 


10.33 


9.59 


8.95 


8.39 


15 


19.66 


17.47 


15.73 


14.30 


13.11 


12.10 


11.23 


10.48 


9.83 


15 


20.88 


18.56 


16.71 


15.19 


13.92 


12.85 


11.93 


11.14 


10.44 


15 


.*-» 


.37 
10.86 


.46 


.65 


.66 


.77 


.90 


1.0 


1.2 




12.22 


9.78 


8.89 


8.15 


7.52 


6.98 


6.51 


6.11 


13 


15.71 


13.96 
.42 


12.57 


11.42 


10.47 


9.67 


8.97 


8.37 
1.17 

3.83 


7.85 


13 


.33 


.62 


.03 


.76 


.88 


1.02 


1.33 




7.18 


6.38 


5.75 


5.22 


4.79 


4.42 


4.10 


3.59 


12 


8.06 


7.17 


6.45 


5.86 


5.37 


4.96 


4.61 


4.30 


4.03 


12 


9.05 


8.04 


7.24 


6.58 


6.03 


5.57 


5.17 


4.83 


4.52 


12 


11.54 


10.26 


9.23 


8.39 


7.69 


7.10 


6.59 


6.15 


5.77 


12 


12.51 


11.12 


10.01 


9.10 


8.34 


7.70 


7.15 


6.67 


6.26 


12 


6.89 


6.12 


5.51 


5.01 


4.59 


4.24 


3.94 


3.67 


3.44 


12 


9.13 


8.11 


7.30 


6.64 


6.09 


5.62 

.97 


5.22 
1.1 

2.56 


4.87 


4.56 

1.6 


12 


.37 


.46 


.67 


.69 


.82 


1.3 




4.47 


3.98 


3.58 


3.25 


2.98 


^.75 


2.39 


2.24 


10 


5.29 


4.70 


4.23 


3.85 


3.53 


3.26 


3.02 


2.82 


2.65 


10 


6.67 


5.93 


5.34 


4.85 


4.45 


4.11 


3.81 


3.56 


3.34 


10 


7.49 


6.66 


5.99 


5.45 


4.99 


4.61 


4.28 


4.00 


3.75 


10 


8.31 


7.38 


6.65 


6.04 


5.54 


5.11 


4.75 


4.43 


4.15 


10 


.44 


.66 
3.15 


.69 


.83 


.99 


1.2 


1.3 


1.5 


1.8 




3.55 


2.84 


2.58 


2.37 


2.18 


2.03 


1.89 


1.77 


9 


3.80 


3.38 


3.04 


2.77 


2.54 


2.34 


2.17 


2.03 


1.90 


9 


4.96 


4.41 


3.97 


3.61 


3.31 


3.05 


2.83 


2.65 


2.48 


9 


5.70 


5.07 


4.56 


4.14 


3.80 


3.51 


3.26 


3.04 


2.85 


9 


5.20 


4.62 


4.16 


3.78 


3.47 


3.20 


2.97 


2.77 


2.60 


9 


6.33 


5.62 


5.06 


4.60 


4.22 


3.89 


3.61 


3.37 


3.16 


9 


.49 


.62 


.76 


.92 


1.1 


1.3 


1.6 


1.7 


2.0 
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PENCOYD CHANNELS. 

Greatest rafe distributed load in net tons including beam. Small figures 
give deflection in inches for loads above. For one-half l(wd at centre 
reduce deflection one-fifth. Deflection below black line is excessive. 



Si 


Section 
JSumber. 


Weightin 
per Fool. 


Length qfSpan in Feet. 


5 


6 


7 


8 


10 


12 


14 


16 


«Q'S 


Sctfe Load in Net Tont. 


8 


80C 


11.25 


8.66 


7.22 


6.19 


5.42 


4.33 


3.61 


3.10 


2.71 


8 


81C 


13.75 


9.71 


8.10 


6.94 


6.0'/ 


4.86 


4.05 


3.47 


3.04 


8 


82C 


16.25 


11.73 


9.78 


8.38 


7.33 


6.87 


4.89 


4.19 


3.67 


8 


830 


18.75 


12.78 


10.65 


9.13 


7.99 


6.39 


5.a3 


4.56 


3.99 


8 


84C 
70C 


21.25 
9.75 


13.a3 


11.52 


9.88 


8.64 
.u 

4.0'/ 


6.91 


5.76 


4.94 


4.32 




.05 


.08 

5.43 


.10 


.21 


.31 


.42 
2.33 


.65 


7 


6.51 


4.65 


3.26 


2.71 


2.04 


7 


71C 


12.25 


7.43 


6.19 


5.31 


4.64 


3.71 


3.09 


2.65 


2.32 


7 


720 


14.75 


9.10 


7.58 


6.50 


5.69 


4.55 


3.79 


3.25 


2.84 


7 


730 


17.25 


10.01 


8.34 


7.15 


6.26 


5.01 


4.17 


3.58 


3.13 


7 


740 
600 


19.75 
•8.00 


10.92 


9.10 

.oy 


7.80 

.12 

3.32 


6.83 

.16 

2.90 


5.46 
.24 

2.32 


4.55 

■35 

1.94 


3.90 

.46 

1.66 


3.41 




.06 


.63 


6 


4.65 


3.87 


1.45 


6 


610 


10.50 


5.77 


4.81 


4.12 


3.61 


2.89 


2.40 


2.06 


1.80 


6 


620 


13.00 


6.55 


5.46 


4.68 


4.10 


3.28 


2.73 


2.34 


2.06 


6 


630 


15.50 


7.34 


6.12 


5.24 


4.59 


3.67 


3.06 


2.62 


2.29 


6 


650 


15.10 


8.94 


7.45 


6.39 


5.59 


4.47 


3.73 


3.19 


2.79 


6.06 


660 
500 


17.10 
6.50 


9.80 


8.17 


7.00 


6.13 

.18 
1.9'/ 


4.90 
.29 


4.08 
.41 

1.31 


3.50 

.66 

1.12 


3.06 




.07 


.10 

2.62 


.14 

2.25 


.73 


5 


3.14 


1.57 


.98 


5 


510 


9.00 


3.80 


3.16 


2 71 


2.3'/ 


1.90 


1.58 


1.36 


1.19 


5 


520 
400 


11.50 
5.25 


4.45 


3.71 


3.18 
.17 

1.42 


2.78 

.22 


2.23 


1.85 

.49 

.as 


1.59 

.67 

.71 


1.39 




.09 


.12 


.34 

1.00 


.88 


4 


1.99 


1.66 


1.25 


.62 


4 


410 


6.25 


2.20 


1.84 


1.57 


1.38 


1.10 


.92 


.79 


.69 


4 


420 
300 


7.25 

4.00 


2.41 


2.01 


1.72 
.21 


1.51 


1.21 


1.00 

.64 

.48 


.86 

.84 

.41 


.75 




.11 


.15 


:a 1 .43 
.72 .57 


l.i 


3 


1.14 


.95 


.82 


.36 


3 


310 


5.00 


1.30 


1.08 


.93 


.81 


.65 


.54 


.46 

• 


.41 


3 


320 


6.00 


1.46 


1.21 


1.04 
.28 


.91 
.37 


.73 
.67 


.61 

.82 


.52 
1.1 


.46 




.14 


.21 


1.4 
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PENCOYD CHANNELS. 

8APE LOAD IN NET TONS UNIFORMLY DISTRIBUTED. 

When the force acts in the direction of the flanges or at right angles to the web. 

Fibre Stress 16,000 lbs. per Square Inch. 

Length of Span in Feet. 







Wl. 


Size 
in 


Sec 
No. 


in 
Lb*. 


Ins. 


^L 


15 


150C 


33.0 


15 


151C 


,35.0 


15 


152C 


40.0 


15 


153C 


45.0 


15 


154C 


50.0 


15 


1550 


55.0 


12 


120C 


20.5 


12 


121C 


25.0 


12 


122C 


30.0 


12 


123C 


as.o 


12 


124C 


40.0 


10 


lOOC 


15.0 


10 


1010 


20.0 


10 


102C 


25.0 


10 


103C 


30.0 


10 


104C 


350 


9 


90C 


13.25 


9 


91C 


15.00 


9 


920 


20.00 


9 


930 


25.00 


8 


80O 


11.25 


8 


810 


13.75 


8 


820 


16.25 


8 


aso 


18.75 


8 


840 


21.25 


7 


700 


9.75 


7 


710 


12.25 


7 


720 


14.75 


7 


730 


17.25 


7 


740 


19.75 


6 


60O 


8.00 


6 


eic! 


10.50 


6 


620 


13.00 


6 


(^ 


15.50 


5 


500 


6.50 


5 


510 


9.00 


5 


520 


11.50 



5 


6 


7 


8 


9 


10 


11 


12 



Safe Load in Net Tom, 



4.14 
4.28 
4.56 
4.83 
6.92 
7.30 

2.32 
2.53 
2.77 
4.76 
5.12 

1.55 
1.77 
2.66 
2.95 
3.26 

1.29 
1.37 
2.08 
2.37 

1.04 
1.16 
1.64 
1.77 
1.90 

0.84 
0.95 
1.37 
1.51 
1.64 

0.65 
0.91 
1.04 
1.16 

0.50 
0.61 
0.72 



18 



3.31 


2.76 


2.36 


2.07 


1.84 


1.66 


1.50 


1.38 


3.42 


2.85 


2.45 


2.14 


1.90 


1.71 


1.56 


1.43 


3.a5 


3.04 


2.61 


2.28 


2.03 


1.82 


1.66 


1.52 


3.86 


3.22 


2.76 


2.41 


2.15 


1.93 


1.76 


1.61 


5.53 


4.61 


3.95 


3.46 


3.07 


2.77 


2.51 


2.31 


5.84 


4.87 


4.17 


3.a5 


3.25 


2.92 


2.66 


2.43 


1.86 


1.55 


l.,33 


1.16 


1.03 


0.93 


0.84 


0.77 


2.03 


1.69 


1.45 


1.27 


1.13 


1.01 


0.92 


0.84 


2.22 


1.85 


1.58 


1.39 


1.23 


1.11 


1.01 


0.92 


3.81 


3.17 


2.72 


2.38 


2.12 


1.90 


1.73 


1.59 


4.10 


3.41 


2.93 


2.56 


2.28 


2.05 


1.86 


1.71 


1.24 


1.03 


088 


0.77 


0.69 


0.62 


0.56 


0.52 


1.42 


1.18 


1.01 


0.89 


0.79 


0.71 


0.64 


0.59 


2.13 


1.77 


1.52 


1.33 


1.18 


1.06 


0.97 


0.89 


2.36 


1.9'/ 


1.69 


1.47 


1.31 


1.18 


1.07 


0.98 


2.61 


2.17 


1.86 


1.63 


1.45 


1.30 


1.19 


1.09 


1.03 


0.86 


0.74 


0.65 


0.57 


0.52 


0.47 


0.43 


1.10 


0.92 


0.79 


0.69 


0.61 


0.55 


0.50 


0.46 


1.67 


1.39 


1.19 


1.04 


0.92 


0.83 


0.76 


0.69 


1.89 


1.58 


1.35 


1.18 


1.05 


0.95 


0.86 


0.79 


0.83 


0.70 


0.60 


0.52 


0.46 


0.42 


0.38 


0.,35 


0.92 


0.77 


0.66 


0.58 


0.51 


0.46 


0.42 


0.39 


1.31 


1.09 


0.94 


0.82 


0.73 


0.66 


0.59 


0.55 


1.42 


1.18 


1.01 


0.89 


0.79 


0.71 


0.64 


0.59 


1.52 


1.27 


1.09 


0.95 


0.R5 


0.76 


0.69 


0.63 


0.67 


0.56 


0.48 


0.42 


0.37 


0.34 


0.31 


0.28 


0.76 


0.63 


0.54 


0.47 


0.42 


0.38 


0.34 


0.32 


1.10 


0.91 


0.78 


0.69 


0.61 


0.55 


0.50 


0.46 


1.20 


1.00 


0.86 


0.75 


0.67 


0.60 


0.55 


0.50 


1.31 


1.10 


0.94 


0.82 


0.73 


0.66 


0.60 


0.55 


0.52 


0.44 


0.37 


0.33 


0.29 


0.26 


0.24 


0.22 


0.73 


0.61 


0.52 


0.45 


0.41 


0.36 


0.,S3 


0.30 


0.83 


0.69 


0.59 


0.52 


0.46 


0.41 


0.38 


0.35 


0.93 


0.78 


0.66 


0,58 


0.52 


0.46 


0.42 


0.39 


0.40 


0.33 


0.28 


0.25 


0.22 


0.20 


0.18 


0.16 


0.49 


0.41 


0.35 


0.30 


0.27 


0.25 


0.22 


0.20 


0.57 


0.48 


0.41 


0.36 


0.32 


0.29 


0.26 


0.24 



1.27 
1.32 
1.40 
1.49 
2.13 
2.25 

0.71 
0.78 
0.85 
1.46 
1.58 

0.48 
0.54 
0.82 
0.91 
1.00 

0.40 
0.42 
0.64 
0.73 

0.32 
0.36 
0.50 
0.55 
0.59 

0.26 
0.29 
0.42 
0.46 
0.50 

0.20 
0.28 
0.32 
0.36 

0.15 
0.19 
0.22 



t 
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PENCOYD EVEN ANGLES. 

SAFE LOAD IN NET TONS UNirORMLV DISTRIBUTCO. 

One Leg Yerticsl. 
Fibre Stress 16,000 lbs. per Square Inch. 





Length qf Span in Feet. 


Si»e €(f Angle. 
Jnehes. 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 






S(nfe Load in Net Tmu. 


8 x8 x\ 


11.12 


8.90 


7.41 


6.35 


5.56 


4.94 


4.45 


4.04 


3.71 


3.42 


S^xS^x 1 


21.58 


17.26 


14.38 


12.33 


10.79 


9.59 


8.63 


7.85 


7.19 


6.64 


6 x6 x% 


4.71 


3.77 


3.14 


2.69 


2.35 


2.09 


1.88 


1.71 


1.67 


1.45 


6^x6^xlt 


11.24 


8.99 


7.49 


6.42 


5.62 


5.00 


4.50 


4.09 


3.75 


3.46 


5 x5 x% 


3.23 


2.58 


2.15 


1.84 


1.61 


1.43 


1.29 


1.17 


1.08 


0.99 


5^4 X 5>4 X if 


7.68 


6.14 


5.12 


4.39 


3.84 


3.41 


3.07 


2.79 


2.56 


2.36 


4 x4 xA 


1.71 


1.37 


1.14 


0.98 


0.85 


0.76 


0.68 


0.62 


0.57 


0.53 


4"4x4"4x% 


4.13 


3.31 


2.76 


2.36 


2.07 


1.84 


1.65 


1.50 


1.38 


1.27 


3^2 x2l^ix^ 


1.31 


1.05 


0.87 


0.75 


0.65 


0.58 


0.52 


0.48 


0.44 


0.40 


3%x3%x% 


2.45 


1.96 


1.64 


1.40 


1.23 


1.09 


0.98 


0.89 


0.82 


0.76 


3 x3 x\ 


0.77 


0.62 


0.55 


0.44 


0.39 


0.34 


0.31 


0.28 


0.26 


0.24 


3Ax3Ax% 


1.85 


1.48 


1.24 


1.06 


0.93 


0.82 


0.74 


0.67 


0.62 


0.57 


^x^x\ 


0.64 


0.51 


0.43 


0.37 


0.32 


0.28 


0.26 


0.23 


0.21 


0,20 


3 x3 x\ 


1.36 


1.09 


0.91 


0.78 


0.68 


0.60 


0.54 


0.49 


0.45 


0.42 



For angles of intermediate thicknesses the safe loads can be assumed as 
approximately proportional to their areas or weights. 
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PENCOYD EVEN ANGLES. 

8APC LOAD IN NET TONS UNIFORMLY DISTRIBUTED. 

One Leg YerticaL 
Fibre Stress 16,000 lbs. per Sq. Inch. 



Size qf Angle, 
Inches, 



2%x2%x5^ 

2^x2^x^ 
2Ax2Ax% 

2 x2 x^ 

2Ax2Ax% 

l%xl%xA 

iHxiHx% 

11^ X 11^ X 3^ 

l%xl%x% 

11^ X 1^4 X 3^ 
l%xl%x34 

1 Xl X^Q 

13^x1^x34 



Length qf Span in Feet 



2 


8 


4 


5 


6 


7 



1.60 
4.00 

1.28 
2.67 

1.01 
2.13 

0.80 
1.60 

0.37 
1.33 

0.32 
0.59 

0.16 
0.37 



Sftfe Load in Net Tons. 



8 



0.80 


0.53 


0.40 


0.32 


0.27 


0.23 


2.00 


1.33 


1.00 


0.80 


0.67 


0.57 


0.64 


0.43 


0,32 


0.26 


0.21 


0.18 


1.34 


0.89 


0.67 


0.53 


0.45 


0.38 


0.51 


0.34 


0.25 


0.20 


0.17 


0.14 


1.07 


0.71 


0.53 


0.43 


0.36 


0.30 


0.40 


0.27 


0.20 


0.16 


0.13 


0.11 


0.80 


0.53 


0.40 


0.32 


0.27 


0.23 


0.17 


0.12 


0.09 


0.07 


0.06 


0.05 


0.67 


0.44 


0.33 


0.27 


0.22 


0.19 


0.16 


0.11 


0.08 


0.06 


0.05 


0.046 


0.30 


0.20 


0.15 


0.12 


0.10 


0.084 


0.08 


0.05 


0.04 


0.03 


0.027 


0.023 


0.19 


0.12 


0.09 


0.07 


0.062 


0.053 



0.20 
0.50 

0.16 
0.33 

0.126 
0.266 

0.100 
0.200 

0.046 
0.166 

0.040 
0.074 

0.020 
0.046 



For angles of intermediate thicknesses the safe loads can be assumed as 
approximately proportional to their areas or weights. 
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PENCOYD UNEVEN ANGLES. 

•Arc LOAD IN NET TONS UNIFORMLY DIBTRIBUTCD. 

Long Leg YerticaL 
Fibre Stress 16,000 lbs. per Square Inch. 





Length qf S^n in Feet. 


Size tiS Angle. 
Inches. 


4 


5 


6 


7 


8 


9 


10 


11 


12 


IS 




Sqfe Load in Net Tons. 


8 x6 z^ 
ai4z6^zl 


10.71 
20.57 


8.57 
16.46 


7.14 
13.72 


6.12 
11.76 


5.35 
10.29 


4.76 
9.14 


4.28 
8.23 


3.89 
7.48 


3.57 
6^ 


3.29 
6.33 


7 x3^x^ 
7^x3^x1 


7.55 
14.47 


6.04 
11.57 


5.03 
9.65 


4.31 
8.27 


3.77 
7.23 


3.35 
6.43 


3.02 
5.79 


2.74 
5.26 


2.52 
4.82 


2.32 
4.45 


6^x4 x% 
67/8x4%xiI 


5.16 
12.78 


4.13 
10.23 


3.44 
8.52 


2.95 
7.30 


2.58 
6.39 


2.29 
5.68 


2.06 
5.11 


1.88 
4.65 


1.72 
4.26 


1.59 
3.93 


6 x4 x% 
e%x4%xi| 


4.43 
10.95 


3.54 
8.76 


2.95 
7.30 


2.53 
6.26 


2.21 
5.47 


1.97 
4.87 


1.77 
4.38 


1.61 
3.98 


1.48 
3.65 


1.36 
3.37 


6 x3^x% 

e%x37/8xi| 


4.32 
10.73 


3.46 
8.59 


2.88 
7.16 


2.47 
6.13 


2.16 
5.37 


1.92 
4.T7 


1.73 
4.29 


1.57 
3.90 


1.44 
3.58 


1.33 
3.30 


5\x3'^x% 


3.68 
6.21 


2.94 
4.97 


2.45 
4.14 


2.10 
3.55 


1.84 
3.11 


1.64 
2.76 


1.47 
2.49 


1.34 
2.26 


1.23 
2.07 


1.13 
1.91 


5 x4 x% 
5Ax4Ax% 


3.12 
6.00 


2.50 
4.80 


2.08 
4.00 


1.78 
3.43 


1.56 
3.00 


1.39 
2.67 


1.25 
2.40 


1.13 
2.18 


1.04 
2.00 


0.96 
1.85 


5 t3V2T^ 
5^x3«^x% 


2.57 
6.01 


2.06 
4.81 


1.72 
4.01 


1.47 
3.44 


1.29 
3.01 


1.14 
2.67 


1.03 
2.41 


0.94 
2.19 


0.86 
2.00 


0.79 
1^ 


5 x3 xA 
5^x334x^ 


2.52 
5.87 


2.02 
4.69 


1.68 
3.91 


1.44 
3.35 


1.26 
2.93 


1.12 
2.61 


1.01 
2.35 


0.92 
2.13 


0.84 
L96 


0.78 
1.81 


4^x3 xA 
4'^x334x% 


2.07 
4.81 


1.65 
3.85 


1.38 
3.21 


1.18 
2.75 


1.03 
2.41 


0.92 
2.14 


0.83 
1.93 


0.75 
1.75 


0.69 
1.60 


0.64 
1.48 


4^ x3^xA 
4i4x3'^x^ 


1.69 
3.93 


1.35 
3.15 


1.13 
2.62 


0.97 
2.26 


0.85 
1.97 


0.75 
1.75 


0.68 
1.57 


0.62 
1.43 


0.56 
1.31 


0.52 
1.21 



For angles of intermediate thicknesses the safe loads can be assumed as 
approximately proportional to their areas or weights. 
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PENCOYD UNEVEN ANGLES. 

•APC LOAD IN NET TONS UNIFORMLY DISTRIBUTED. 

Long L^ Yertical. 
Fibre Stress 16,000 lbs. per Square Inch. 



Siae dtf Angle. 
Inches. 



4 z3 z 

4^x3^x 



z3 
x3A 



xt 



3^x2^x34 
3%x2\x3,ij 



3^x2 x^ 

3%x2'fex% 



3 x2^x^ 
334x2%x^ 



3 x2 x^ 
3r>4x2^x^ 



x2 

x2A 



It 



xl^^x 
xlHx 



2 

2 

2A 



xli^xA 

xlttx% 

xl^x^ 



Length of Span in Feet, 



2 


3 


4 


5 


6 


7 



6.56 
12.43 



5.07 
10.67 



4.05 
8.43 



3.84 
5.81 



2.93 
6.40 



2.88 
6.08 



1.55 
4.69 



1.23 
2.45 



0.96 
1.92 



0.96 
1.92 



Safe Load in Net Tons. 



8 



3.28 
6.22 


2.19 
4.14 


1.64 
3.11 


1.31 
2.49 


1.09 
2.07 


0.94 
1.78 


2.54 
5.34 


1.69 
3.56 


1.27 
2.67 


1.01 
2.13 


0.85 
1.78 


0.72 
1.52 


2.03 
4.22 


1.35 
2.81 


1.01 
2.11 


0.81 
1.69 


0.68 
1.41 


0.58 
1.20 


1.92 
2.91 


1.28 
1.94 


0.96 
1.45 


0.77 
1.16 


0.64 
0.97 


0.56 
0.83 


1.47 
3.20 


0.98 
2.13 


0.73 
1.60 


0.59 
1.28 


0.49 
1.07 


0.42 
0.91 


1.44 
3.04 


0.96 
2.03 


0.72 
1.52 


0.58 
1.22 


0.48 
1.01 


0.41 
0.87 


0.78 
2.35 


0.52 
1.56 


0.39 
1.17 


0.31 
0.94 


0.26 
0.78 


0.22 
0.67 


0.62 
1.23 


0.41 
0.82 


0.31 
0.61 


0.25 
0.49 


0.21 
0.41 


0.18 
0.35 


0.48 
0.96 


0.32 
0.64 


0.24 

0.48 


0.19 
0.38 


0.16 
0.32 


0.14 
0.27 


0.48 
0.96 


0.32 
0.64 


0.24 
0.48 


0.19 
0.38 


0.16 
0.32 


0.14 
0.27 



0.82 
1.55 



0.63 
1.33 



0.51 
1.05 



0.48 
0.73 



0.37 
0.80 



0.36 
0.76 



0.19 
0.59 



0.15 
0.31 



0.12 
0.24 



0.12 
0.24 



For angles of intermediate thicknesses the safe loads can be assumed as 
approximately proportional to their areas or weights. 
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PENCOYD UKEVEN ANGLES. 

8APE LOAD IN NET TONS UNIFORMLY OISTRIBUTCO. 

Short Leg Vertical. 
Fibre Streas 16,000 lbs. per Square Inch. 





Length of Span in Feei. 


&ize dif Angle. 
Inches. 


4 


6 


6 


7 


8 


9 


10 


11 


12 


13 




SaSe Load in Net Tone. 


a x6 x^ 
S^xei^x 1 


6.40 
12.27 


5.12 
9.81 


4.27 
8.18 


3.66 
7.01 


3.20 
6.13 


2.84 
5.46 


2.56 
4.91 


2.33 
4.46 


2.13 
4.09 


1.97 
3.78 


7 xS^xV^ 
7^x3^x 1 


2.15 
4.13 


1.72 
3.31 


1.43 

2.76 


1.23 
2.36 


1.07 
2.07 


0.96 
1.84 


0.86 
1.65 


0.78 
1.50 


0.72 
1.38 


0.66 
1.27 


61^x4 x% 

67/8x4%xi| 


2.16 
5.43 


1.73 
4.34 


1.44 
3.62 


1.23 
3.10 


1.08 
2.71 


0.96 
2.41 


0.86 
2.17 


0.78 
1.97 


0.72 
1.81 


0.66 
1.67 


6 x4 x% 

6%x4%xH 


2.13 
5.31 


1.71 
4.25 


1.42 
3.54 


1.22 
3.03 


1.07 
2.65 


0.96 
2.36 


0.85 
2.12 


0.78 
1.93 


0.71 
1,77 


0.66 
1.63 


6 t3\x% 

e%xir^/8xH 


1.64 
3.69 


1.31 
2.95 


1.09 
^47 


0.94 
2.11 


0.82 
1.85 


0.73 
1.64 


0.66 
1.48 


0.60 
1.34 


0.55 
1.23 


0.50 
1.14 


5^,42 X 31,^8 X % 
5%x3\x% 


1.63 
2.80 


1.30 
2.24 


1.09 
1.87 


0.93 
1.60 


0.81 
1.40 


0.72 
1.24 


0.65 
1.12 


0.59 
1.02 


0.54 
0.93 


0.50 
0.86 


5 x4 x% 
5Ax4Ax% 


2.09 
3.91 


1.67 
3.13 


1.40 
2.61 


1.20 
2.23 


1.05 
1.95 


0.93 
1.74 


0.84 
1.56 


0.76 
142 


0.70 
1.30 


0.64 
1.20 


5 x3^xA 
5^x3^x^ 


1.36 
3.17 


1.09 
2.54 


0.91 
2.12 


0.78 
1.81 


0.68 
1.59 


0.60 
1.41 


0.54 
1.27 


0.49 
1.15 


0.45 
1.06 


0.42 
0.98 


5 x3 xA 
5^x3i4x^ 


1.00 
2.37 


0.80 
1.90 


0.67 
1.58 


0.57 
1.36 


0.50 
1.19 


0.44 
1.05 


0.40 
0.95 


0.36 
0.86 


0.33 
0.79 


0.31 
0.73 


4^x3 xA 
4%x3J4x^ 


1.00 
2.35 


0.80 
1.88 


0.67 
1.57 


0.57 
1.34 


0.50 
1.17 


0.44 
1.04 


0.40 
0.94 


0.36 
0.85 


0.34 
0.78 


0.31 
0.72 


4 t3\x^ 


1.33 
3.11 


1.07 
2.49 


0.89 
2.07 


0.76 
1.78 


0.67 
1.55 


0.59 
1.38 


0.53 
1.24 


0.48 
1.13 


0.44 
1.04 


0.41 
0.96 



For angles of intermediate thicknesses the safe loads can be assumed as 
approximately proi)ortional to their areas or weights. 
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PENCOYD UNEVEN ANGLES. 

SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED. 

Short Leg YerticaL 
Fibre Stress 16,000 lbs. per Square Inch. 



Size of Angle. 
Inches, 



4 x3 z 
4^x33fex 



3^x3 X 
3itx3Ax 



3%x2\x5^ 



3^x2 x^ 
3%x23fex% 



3 x^x\ 
3r^x2\x^ 

3 x2 x^ 
3^4 X 2^ X ^ 



x2 X 

2i}x2,«^x 

xl^x 
xl«x 

2 zl^z 
2Axl«x 



2 

2A 



xl^kx 
xlftx 



Length qf Span in FeeL 



2 


8 


4 


5 


6 


7 



3.89 
6.19 



3.89 
8.16 



2.19 
4.69 



1.44 
2.19 



2.13 
4.69 



1.39 
3.04 



1.01 
3.20 



0.59 
1.28 



0.59 
1.28 



0.37 
0.91 



Safe Load in Net Tons. 



8 



1.95 
3.10 


1.30 
2.06 


0.97 
1.55 


0.78 
1.24 


0.65 
1.03 


0.56 
0.88 


1.95 
4.08 


1.30 
2.72 


0.97 
2.04 


0.78 
1.63 


0.65 
1.36 


0.56 
1.17 


1.10 
2.35 


0.73 
1.56 


0.55 
1.17 


0.44 
0.94 


0.37 
0.78 


0.31 
0.67 


0.72 
1.10 


0.48 
0.73 


0.36 
0.55 


0.29 
0.44 


0.24 
0.37 


0.21 
0.31 


1.07 
2.35 


0.71 
1.56 


0.53 
1.17 


0.43 
0.94 


0.36 
0.78 


0.30 
0.67 


0.70 
1.52 


0.46 
1.01 


0.35 
0.76 


0.28 
0.61 


0.23 
0.51 


0.20 
0.43 


0.51 
1.60 


0.34 
1.07 


0.25 
0.80 


0.20 
0.64 


0.17 
0.53 


0.14 
0.46 


0.30 
0.64 


0.20 
0.43 


0.15 
0.32 


0.12 
0.26 


0.10 
0.21 


0.08 
0.18 


0.30 
0.64 


0.20 
0.43 


0.15 
0.32 


0.12 
0.26 


0.10 
0.21 


0.08 
0.18 


0.19 
0.46 


0.12 
0.30 


0.09 
0.23 


0.07 
0.18 


0.06 
0.15 


0.05 
0.13 



0.49 
0.77 



0;49 

1.02 



0.27 
0.59 



0.18 
0.27 



0.27 
0.59 



0.17 
0.38 



0.13 
0.40 



0.07 
0.16 



0.07 
0.16 



0.05 
0.11 



For angles of intermediate thicknesses the safe loads can be assumed as 
approximately proportional to their areas or weights. 
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Sec. 
No. 



60Z 
61Z 
62Z 

63Z 
64Z 
65Z 

66Z 
67Z 
68Z 

50Z 
51Z 
52Z 

53Z 
54Z 
56Z 

56Z 
57Z 

40Z 
41Z 
42Z 

43Z 
44Z 
45Z 

46Z 
47Z 
48Z 

30Z 

'31Z 

32Z 

33Z 
34Z 
35Z 



PENCOYD Z BARS. 

■APE LOAD IN NET TONS UNIFORMLY DISTRIBUTED. 

Fibre Stress 16,000 lbs. per Square Inch. 



Size 

in 

Ins. 



6 



Thick- 
nets 

of 
Metal. 



% 



Length of Span in Feet. 



5 


6 


8 


10 


12 


14 


16 



18 



Se^fe Load in Net Tons. 



11.25 
13.11 
14.96 

15.39 
17.09 
18.80 

18.72 
20.29 
21.86 

7.01 
8.39 
9.76 

10.15 
11.40 
12.66 

12.63 
13.78 

3.97 
4.93 
5.91 

6.27 
7.17 
8.01 

8.07 
8.87 
9.68 

2.50 
3.06 
3.70 

3.73 
3.99 
4.25 



9.00 
10.48 
11.97 

12.32 
13.67 
15.04 

14.98 
16.23 
17.49 

5.61 
6.71 
7.81 

8.12 

9.12 

10.13 

10.10 
11.02 

3.17 
3.95 
4.73 

5.01 
5.73 
6.41 

6.46 
7.10 
7.74 

2.00 
2.45 
2.96 

2.99 
3.20 
3.40 



7.50 
8.74 
9.97 

10.26 
11.39 
12.53 

12.48 
13.53 
14.58 

4.67 
5.59 
6.51 

6.77 
7.61 
8.44 

8.42 
9.19 

2.64 
3.29 
3.94 

4.18 
4.78 
5.34 

5.38 
5.92 
6.45 

1.66 
2.04 
2.47 

2.49 
2.66 
2.83 



5.63 ! 4.50 
6.55 i 5.24 
7.48 5.98 



7.70 
8.55 
9.40 

9.36 
10.14 
10.93 

3.50 
4.19 
4.88 

5.07 
5.70 
6.33 

6.31 
6.89 

1.98 
2.47 
2.95 

3.13 
3.58 
4.01 

4.04 
4.44 
4.84 

1.25 
1.53 
1.85 

1.87 
2.00 
2.12 



6.16 
6.84 
7.52 

7.49 
8.12 
8.75 

2.80 
3.36 
3.90 

4.06 
4.56 
5.06 

5.05 
5.51 

1.59 
1.97 
2.36 

2.51 
2.87 
3.21 

3.23 
3.55 
3.87 

1.00 
1.23 
1.48 

1.49 
1.60 
1.70 



3.75 
4.37 
4.99 

5.13 
5.70 
6.27 

6.24 
6.76 
7.29 

2.33 
2.80 
3.25 

3.38 
3.80 
4.22 

4.21 
4.59 

1.32 
1.64 
1.97 

2.09 
2.39 
2.67 

2.69 
2.96 
3.22 

0.83 
1.02 
1.23 

1.24 
1.33 
1.42 



3.21 
3.74 
4.27 

4.40 
4.88 
5.37 

5.35 
5.80 
6.25 

2.00 
2.40 
2.79 

2.90 
3.26 
3.62 

3.61 
3.94 

1.13 
1.41 
1.69 

1.79 
2.05 
2.29 

2,31 
2.53 
2.76 

0.71 
0.87 
1.06 

1.07 
1.14 
1.21 



2.81 
3.28 
3.74 

3.85 
4.27 
4.70 

4.68 
5.07 
5.47 

1.75 
2.10 
2.44 

2.54 
2.85 
3.16 

3.15 
3.44 

0.99 
1.23 
1.48 

1.57 
1.79 
2.00 

2.02 
2.22 
2.42 

0.62 
0.77 
0.93 

0.93 
1.00 
1.06 



2.50 
2.91 
3.32 

3.42 
3.80 
4.18 

4.16 
4.51 
4.86 

1.56 
1.86 
2.17 

2.26 
2.53 
2.81 

2.81 
3.06 

0.88 
1.10 
1.31 

1.39 
1.59 
1.78 

1.79 
1.97 
2.15 

0.56 
0.68 
0.82 

0.82 
0.89 
0.94 
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PENCOYD TEES. 

SAFE LOAD IN NET TONS UNIFORMLY 0I8TRIBUTC0. 

Fibre Stress 16,000 lbs. per Square Inch. 



Sec. 
No. 



66T 

64T 
65T 
53T 
54T 



42T 

43T 

44T 

440T 



441T 
45T 
46T 
47T 
38T 



Size 

Flange hy 

Stem, 

Inches. 


6 


x4^ 


6 
6 
5 
5 


x4 
x5^ 
x3^ 
x4 


4 
4 
4 
4 


x2 
x3 
x3 
x4 


4 x4 
4 x4^ 
4^x3^ 
4 x4^ 
3^x3 
Z^x3 



Wt. 
per 
Foot 

in 
Lbs. 



28.2 
15.6 



Length qf Span in Fut. 



5 


6 


7 


8 


9 10 


11 


12 



IS 



Safe Load in Net Tons, 



6.28 
2.56 



39.0 10.92 



39T 


Z%x3 


335T 
336T 

30T 


i>T> X Cnn 

3^x3^ 

Z^x3\ 
3x1^ 


31T 
32T 
33*1' 
34T 


3 x2^^ 
3 x2\ 
3 x2\ 
3 x2^ 


33ar 

331T 
36-1' 


CO CO CO CO 
X X X X 

CO CO CO CO 



17.0 
15.3 



6.5 

9.0 

10.2 

10.9 



13.7 
14.6 
15.8 
11.4 
7.0 
8.5 



7.0 

9.0 

11.0 

4.0 



5.0 
6.0 
7.0 
8.0 



6.5 
7.7 
8.3 
9.5 



2.89 
2.81 



0.45 
1.20 
1.36 
2.19 



2.69 
3.35 
2.73 
2.61 
1.00 
1.17 



1.19 
1.54 
1.99 
0.21 



0.56 
0.68 
0.80 
1.04 



0.99 
1.15 
1.56 
1.77 



5.02 

2.05; 
8.74 
2.31 
2.25 



0.36 
0.96 
1.09 
1.75 



2.15 
2.68 
2.18 
2.09 
0.80 
0.94 



0.95 
1.24 
1.59 
0.17 



0.45 
0.54 
0.64 
0.83 



0.79 
0.92 
1.25 
1.42 



4.19 

1.71 
7.28 
1.93 
1.87 



0.30 
0.80 
0.91 
1.46 



1.79 
2.23 
1.82 
1.74 
0.67 
0.78 



0.79 
1.03 
1.32 
0.14 



3.59 



3.14 



1.46 1.28 
6.24.5.46 
1.65 1.45 
1.61 1.41 



0.26:0.23 



0.37 
0.45 
0.53 
0.69 



0.66 
0.76 
1.04 
1.18 



0.68 
0.78 
1.25 



1.53 
1.91 
1.56 
1.49 
0.i57 
0.67 



0.68 
0.88 
1.13 
0.12 



0.32 
0.39 
0.46 
0.59 



0.56 
0.65 
0.89 
1.01 



0.60 
0.68 
1.09 



1.34 
1.67 
1.37 
1.31 
0.50 
0.59 



0.59 
0.77 
0.99 
0.11 



0.28 
0.34 
0.40 
0.52 



0.49 
0.57 
0.78 
0.89 



2.79 

1.14 
4.85 
1.28 
1.25 



0.20 
0.53 
0.60 
0.97 



1.19 
1.49 
1.21 
1.16 
0.44 
0.52 



0.53 
0.69 
0.88 
0.09 



0.25 
0.30 
0.35 
0.46 



0.44 
0.51 
0.69 
0.79 



2.51 

1.02 
4.37 
1.16 
1.12 



0.18 
0.48 
0.54 
0.87 



1.07 
1.34 
1.09 
1.05 
0.40 
0.47 



0.47 
0.62 
0.79 
0.08 



0.22 
0.27 
0.32 
0.42 



0.39 
0.46 
0.62 
0.71 



2.28 



2.09 



1.93 



0.93 0.85 0.79 
3.97 3.64 3.36 



1.05 0.96 
1.02 0.94 



0.16 
0.44 
0.49 
0.79 



0.98 
1.22 
0.99 
0.95 
0.36 
0.43 



0.43 
0.56 
0.72 
0.08 



0.20 
0.25 
0.29 
0.38 



0.36 
0.42 
0.57 
0.64 



0.15 
0.40 
0.45 
0.73 



0.89 
1.12 
0.91 
0.87 
0.33 
0.39 



0.39 
0.51 
0.66 
0.07 



0.19 
0.23 
0.27 
0.35 



0.33 
0.38 
0.52 
0.59 



0.89 
0.86 



0.14 
0.37 
0.42 
0.67 



0.89 
1.03 
0.84 
0.80 
0.31 
0.36 



0.36 
0.47 
0.61 
0.06 



0,17 
0.21 
0.25 
0.32 



0.30 
0.35 
0.48 
0.54 
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PENCOYD TEES. 

SAFE LOAD IN NET TONS UNIFORMLY DISTRIBUTED. 

Fibre Stress 16,000 lbs. per Sq. In. 



Section 
No, 



28T 

29T 

25T 

225T 



226T 

227T 

26T 

27T 



24T 
222T 
223T 

20T 



21T 

22T 

23T 

220T 



17T 

18T 

117T 

15T 



115T 

izr 

112T 
HOT 



Size 

Flange by 

Stem, 

Inches. 



2^x1% 
2\x2 



2^x2^ 
21^x2^ 
2^x2% 
2^x3 



2^x 
2^x2 
2^x2^4 
2 X ^ 



xl 

Xli 



2 

2 xl^ 
2 x2 



l^xlj^ 
l%xli(i 
1\ X r 
l^x 




WL 
per 
Ibot 

in 
Lbs. 



6.6 
7.2 
3.3 
5.0 



5.8 
6.6 
5.7 
6.0 



2.2 
4.0 
4.0 
2.0 



2.5 
2.0 
3.0 
3.5 



1.9 
3.5 
2.4 
1.4 



2.0 
1.2 
1.5 
1.0 



Length qf Span in FseL 



2 


8 


4 


5 


6 


7 



8 



0.37 
0.27 
0.80 
1.39 



0.32 
0.75 
0.80 
0.16 



0.64 
0.16 
0.48 
0.27 



Safe Load in Net Tons. 



2.67 


1.33 


3.52 


1.76 


0.59 


0.29 


2.35 


1.17 


2.93 


1.46 


3.36 


1.68 


3.20 


1.60 


3.79 


1.89 


0.16 


0.08 


1.65 


0.82 


1.76 


0.88 


0.16 


0.08 



0.18 
0.13 
0.40 
0.69 



0.16 
0.37 
0.40 
0.08 



0.32 
0.08 
0.24 
0.13 



0.89 
1.17 
0.20 
0.78 



0.67 
0.88 
0.15 
0.59 



0.98 


0.73 


1.12 


0.84 


1.07 


0.80 


1.26 


0.94 


0.05 


0.04 


0.55 


0.41 


0.59 


0.44 


0.05 


0.04 


o.i;^ 


0.09 


0.09 


O.iSl 


0.27 


0.20 


0.46 


0.35 


0.11 


0.08 


0.25 


0.19 


0.27 


0.20 


0.05 


0.04 


0.21 


0.16 


0.05 


0.04 


0.16 


0.12 


0.09 


0.07 



0.53 
0.70 
0.12 
0.47 



0.59 
0.67 
0.64 
0.76 



0.03 
0.33 
0.35 
0.03 



0.07 
0.05 
0.16 
0.28 



0.06 
0.15 
0.16 
0.03 



0.13 
0.03 
0.10 
0.05 



0.44 
0.59 
0.10 
0.39 



0.49 
0.56 
0.53 
0.63 



0.03 
0.27 
0.29 
0.03 



0.06 
0.04 
0.13 
0.23 



0.05 
0.12 
0.13 
0.03 



0.11 
0.03 
0.08 
0.04 



0.38 
0.50 
0.08 
0.33 



0.42 
0.48 
0.46 
0.54 



0.02 
0.23 
0.25 
0.02 



0.05 
0.04 
0.11 
0.20 



0.05 
0.11 
0.11 
0.02 



0.09 
0.02 
0.07 
0.04 



0.33 
0.44 
0.07 
0.29 



0.37 
0.42 
0.40 
0.47 



0.02 
0.21 
0.22 
0.02 



0.05 
0.03 
0.10 
0.17 



0.04 
0.09 
0.10 
0.02 



0.08 
0.02 
0.06 
0.03 
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SUPPORTS AND CONNSCTIONS FOR BEAMS 

AND GIRDERS. 

When the span becomes too great, or the loads excessive 
for rolled beams, refer to the tables on pages 125 to 135 for the 
strength of riveted girders of the several sections described. 

When the support of the beam or girder is formed on 
masonry, a bearing plate should be provided for the ends of 
the beams to distribute the pressure over a sufficient area. 
The permissible pressure per unit of area varies widely 
according to the building laws of the locality. The figures 
given are the mean of the various extremes. Ordinary 
brick, lime mortar, 5 tons per square foot ; hard brick, 
cement mortar, 10 tons per square foot; rubble masonry in 
cement, or cement concrete not less than one month old, 10 
tons per square foot; first-class masonry, parallel layers, 
natural bed, sandstone, 18 tons per square foot ; limestone, 
20 tons per square foot ; granite, 30 tons per square foot. 
The following table has been calculated with these permissi- 
ble loads . 



Depth of Beam 


Bearing 


or Channel. 


on Wall. 


Incites. 


Inches. 


*24, 20, 18 


16 


15 


12 


12 


12 


10 and 9 


10 


Sand 7 


8 


6 and 5 


6 


4 and 3 


6 



Plates. 



Size in 
Inches. 



16 

12 

12 

10 

8 

6 

6 



X 
X 
X 
X 
X 
X 
X 



16 

16 

12 

10 

10 

6 

6 



Thickh 
ness in 
Inches. 



1 

H 



Sktfe Bearing Values in Net. 
Tons. Plates on 



Common 
Brick 
Work, 
Lime 

Mortar, 



8.9 

6.7 
5.0 
3.5 
2.8 
1.3 
1.3 



Mrst- 

clcus 

Brick 

Work or 

Cement 

Concrete. 



17.8 
13.3 
10.0 
6.9 
5.6 
2.5 
2.5 



Firsi- 

class 

Masonry, 



35.6 
26.7 
20.0 
13.9 
11.1 
5.0 
5.0 



*For short spans of 24'' and 20'' I beams special plates must be calculated. 

When two or more beams are used together, they should 
be tied at intervals with fitted separators between them as 
described on page 255. These separators should be spaced 
near the supports, and at intervals of 5 or 6 feet. 

The standard angle connections for framing "I" beams 
are described on pages 252 to 258. These connections have 
been designed to provide for beams of the sizes and length 
of spans given in the table on page 258. If the beams are 
much shorter, and the total load supported greater than 
described, it may become necessary to design special con- 
nections, to provide for the increased end shear. 
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APPROXIMATE FORMULAS FOR ROLLED 

BEAMS. 

The following rules for the strength and stiflfness of rolled 
beams of various sections are intended for convenient appli- 
cation in cases where strict accuracy is not required. 

The rules for rectangular and circular sections are correct, 
while those for the flanged sections are approximate and 
limited in their application to the standard shapes as given 
in our tables. They will be found to give results which 
have been proved by experiment to be sufficiently accurate 
for practical purposes. When the section of any beam is 
increased above the standard minimum dimensions, the 
flanges remaining unaltered, and the web alone being 
thickened, the tendency will be for the load as found by the 
rules to be in excess of the actual, but within the limits that 
it is possible to vary any section in the rolling, the rules will 
apply without any serious inaccuracy. 

The loads are the same as in the beam tables, producing a 
fibre stress of 16,000 lbs. per square inch, on the assumption 
that the steel referred to has a tenacity about 20 per cent, in 
excess of iron. These loads will be approximately one-half 
of loads that would injure the elasticity of the material. 

The rules for deflection apply to any load below the 
elastic limit, or less than double the greatest safe load by 
the rules. 

If the beams are long without lateral support, reduce the 
loads for the ratios of width to span, as described on page 
23. 

Example, — A 12-inch No. 120 B I beam, area 9.27 square 
inches, 16 feet span, by the tables, will support a dis- 
tributed load of 13 tons, and by the approximate rule 

3390X_9 27jO2^ 25,140 pounds. . 

The deflection by the rule will also be found nearly as in 
the tables. 
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The preceding rules apply to beams snpported at each 
end. For beams supported otherwise alter the coefficients 
of the table as described below, referring to the respective 
colunms indicated by number. 



CHANGES OF COEFFICIENTS FOR 

FORMS OF BEAMS. 



Kind qf Beam, 



Fixed at one end, loaded 
at the other. 



Fixed at one end, load 
evenly distributed. 



Both ends rigidly fixed, 
or a continuous beam, 
with a load in middle. 



Both ends rigidly fixed, 
or a continuous beam 
with load evenly dis- 
tributed. 



CbejlJMent for Safe 
Load. 



One-fourth (t) 
of the coeffi- 
cient of col. II 
or III. 



One-fourth (t) 
of the coeffi- 
cient of col. 
IV or V. 



Twice the coeffi- 
cient of col. II 
or III. 



One and one- 
half (!}) times 
the coefficient 
ofcol.IVorV. 



CbeMcumtfor 
Jjeflection, 



One- sixteenth 
(M of the co- 
efficient of col. 
VI. 



Five-forty- 
eighths (^V) of 
the coefficient 
of col. VII. 



Four times the 
coefficient of 
col. VI. 



Five times the 
coefficient of 
col. VII. 



It will be observed that these rules apply only to the in- 
termediate spans of continuous beams; when continuity 
does not occur at the ends, the conditions are altered. If, 
however, the outer ends of a continuous beam overhang the 
end-supports from one-fifth to one-fourth of a span, and 
bear the same proportion of load as the parts between 
supports, then the outer spans may be of same length as 
the intermediate spans, subject to the same load, and the 
strength and stifihess are determined by the same rules; 
otherwise the outer spans ought to be only four-fifths of the 
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length of the intermediate spans when the load is dis- 
tributed, or three-fourths of the same when the load is con- 
centrated in the middle ; or, if the lengths of spans are all 
alike, the loads on outer spans ought to be reduced in the 
same proportion. 

The following table exhibits the relative proportion of 
strength and stiffness existing between various classes of 
beams when they have the same lengths and uniform cross- 
section; the deflections being comparative figures for the 
same loads on any beam. 



Kind of Beam. 


Maximum 
Loadas 


Deflection 
as 


Fixed at one end — ^loaded at the other . . 
Fixed at one end — ^load evenly distributed 
Supported at both ends — ^loaa in middle . 
Supported at both ends — load evenly dis- 
tributed 


i 
i 

1 

2 
2 
3 


16 
6 

1 


Continuous beam — ^load in middle ... 
Continuous beam — ^load evenly distributed 


4 



The load and deflection of a beam supported at both ends 
and loaded in the middle have been taken as the units for 
comparison. Beams of uniform length and section will be 
equally strained when loaded in the ratio described in the 
first column, or if the beams are loaded equally, within 
their elastic limits, the respective deflections will be in the 
ratio described in second column. 
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BBAM8 FOR StJPPORTINa IRRCatTLAR 

LOADS. 

When a beam has its load unequally distribated, the 
proper size of the beam can be determined by finding the 
maximum bending moment and proportioning the beam 
accordingly. Equilibrium is obtained when the bending 
moment is equal to the moment of resistance. That is, 
when the external force multiplied by the leverage with 
which it acts is equal to the strength of the material in the 
cross-section of the beam multiplied by the leverage with 
which it acts. 

The resistance of a beam is found by dividing the moment 
of inertia of the section by the distance from neutral axis to 
extreme fibres, and this value for any rolled section will be 
found in the tables, pages 186 to 209. This tabulated resist- 
ance, multiplied by the limiting fibre stress on the beam, is 
the measure of strength of the section. 

RULE FOR BEAMS BEARINQ IRREGULAR 

LOADS. 

Finding by the methods described on pages 218 to 224 the 
maximum bending moment on the beam, divide the bend- 
ing moment by the limiting fibre stress, and select from the 
tables, pages 186 to 209 a beam whose resietance is not less 
than this quotient. The greatest safe fibre stress in our 
tables is 16,000 lbs. The stress should be modified for 
various considerations, as described on pages 22 and 23. 

Example. — An I beam 8 feet long is to be fixed at one end 
and loaded at the other with 5,000 lbs. and carrying also an 
evenly distributed load of 8,000 lbs. What size of beam 
should be used so as not to be strained over 16,000 lbs.? 

Moment for end load = 5,000 X 96 = 480,000 inch-lbs. 

" " distributed load =M^y^-^= 384,000 " " 

Total = 864,000 " " 
Divide this bending moment by the fibre stress afore- 
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said, and select from column XI, page 187, beams whose 
resistances are nearest the quotients, as follows : 

15 inch. No. 153 B. 55.0 pounds per foot. 

In some instances the maximum bending moment can be 
most readily found by the use of diagrams, as described on 
pages 218 to 224. When this is done use any convenient 
scale, making all loads and all distances respectively of the 
same denominations. The maximum bending moment can 
then be measured to scale. 

Example, — A beam 20 feet long between supports will 
carry three loads, which we will call A, B and C. 
A = 4,000 lbs. and is 4 feet from one end of the beam. 
C = 6,000 lbs. and is 3 feet from the other end of the beam. 
B = 5,000 lbs. and is 5 feet from Cand 8 feet from A. 

Required a suitable beam, not strained over 12^000 lbs. 
Describe a diagram as in Fig. 2, page 224, when the follow- 
ing bending moments will be obtained : 



At point A, 



For load A, 12,800 
By 8,000 
C, 3.600 

Total, 24,400 



u 
it 



At point B, 

For load 5, 24,000 
" a 10,800 
" A, 6,400 



Total, 41,200 



At point C 



For load C, 15,300 
By 9,000 
Ay 2,400 

Total, 26,700 






The maximum moment at 5 = 41 ,200 foot-pounds or 494,400, 
inch-pounds. Dividing by 10,000 and 12,000, select from 
column XI, page 187, the following beams, whose resistances 
are nearest these quotients, and use the lighter beam. 



15-inch beam. No. 160 B, 42.0 lbs. per foot. 
12-inch " No. 122 B, 40.0 



u 



ti 



n 



Note.— The tables of elements, except where otherwise 
specified, are calculated for dimensions in inches and 
weights in pounds, consequently in examples of above 
character it is necessary to obtain bending moments in 
inch-pounds. 
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BEAMS SUBJECTED TO COMPOUND 

STRESSES. 

When the bending stresses on a beam are compounded by 
extraneous forces, producing additional stresses of tension, 
compression or torsion, then the longitudinal stresses result- 
ing from bending stresses are modified in extent or 
direction. 

No general rules can be given for such conditions, as every 
particular case requires its own proper determination. The 
following methods, though not strictly correct, will give safe 
practical results for ordinary cases. 



WHEN THE BEAM IS SUBJECT TO EXTERNAL FORCES PRODUCING 

EITHER TENSION OR COMPRESSION, BUT IS SUPPORTED 

TO RESIST LATERAL FLEXURE. 

Rule, — Find by methods previously described, the section 
of beam required to resist bending, then allowing from 10,- 
000 to 16,000 pounds per square inch for the compression or 
tension according to the material or factor of safety used, 
add the two sectional areas together, which will give the 
section of beam required. 

Example. — A beam having a clear span of 15 feet, bearing 
a uniform load of 500 pounds per lineal foot, is subjected to 
compression if it forms half a 30-foot truss as in Fig. 6, page 
227, or to tension if forming a member in a roof chord in 
either case, say 18,000 pounds. Required a suitable beam 
strained about 12,000 pounds per square inch. 

The total uniform load is 15 X 500 = 7500 pounds. 

The bending moment due to same is 7500 X 15 X 12 ^ ^gg _ 

750 inch -pounds. This divided by 12,000 gives a resistance 
of 14.1. From the tables, column XI, page 189, we find that 
the I beam having a resistance nearest to this 14.1 is an 
8-inch I beam No. 80 B, area 5.29 square inches. Now the 
increase in area to be made for the tension or compression is 

18000 

12000 "^ 1-5 square inches, making the total area 6.79 square 

inches. 
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WHEN THE BEAM IS SUBJECT TO COMPRESSION AND IS LIABLE 

TO FAIL LIKE A HORIZONTAL STRUT BY 

LATERAL FLEXURE. 

Rule, — Consider first the resistance as a strut and then 
make the necessary increment of section to resist the bend- 
ing stress, remembering that if the addition is made to the 
flanges then only flange stresses have to be considered, but 
if the increased area is obtained by thickening the web of 
I beam or channel section, then the additional area so ob- 
tained should be treated as a rectangular section whose 
thickness is the amount added to the web, and whose depth 
is the depth of the beam. 

Example, — A trussed girder of the form exhibited in Fig. 
6, page 227, is a box section made up of two channels sep- 
arated with flanges outward, and plated top and bottom. 
The whole girder is 30 feet long and is loaded 1,000 pounds 
per lineal foot. The compression resulting from the truss- 
ing is 25,000 pounds. The structure has no lateral bracing. 
What will be safe proportions for it, the stresses not to 
exceeed one-fifth of the ultimate, or 10,000 pounds per 
square inch ? 

It is evident that we have to consider it as a flat-ended 
strut 30 feet long, liable to fail horizontally, and also as a 
series of three beams each 10 feet long and loaded with 
10,000 pounds evenly distributed. Trying two light 6-inch 
channels, each 3.09 square inches section, separated 4} inches 
so as to be covered by 9-inch plates, we have (omitting the 
plates in this calculation) the radius of gyration around 

vertical axis (see page 192) = 2.29 inches, 

1 = 157, one-fifth of ultimate (by Table 3, 

T 

page 160) = 4,500 pounds per square inch, or 

4,500X 6.18 = 27,810 pounds safe resistance, 

^ which is ample. Now proportioning the 




J4 ^ >j plates to resist the bending strain, we have 



120 V 10 000 
maximum bending moments (see page 220), ^ j^^>vva/ 

o 

= 150,000 inch-pounds. 
The plates act with a leverage equal to the depth of the 
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channel y viz., 6 inches ; — '—^ =: 25,000 pounds tension on 

top or compression on bottom plate, which, allowing for 
10,000 pounds per square inch, and allowing for loss by 
rivets, will require a plate | inch thick. 

Taking the last example, if it was desired to form the sec- 
tion from a pair of channels, latticed top and bottom, with 
no cover plates, we would have to consider the section added 
to the channels (being on the web alone) as a simple rectan- 
gular section. 

Trying two 10-inch channels, separated 6| inches, flanges 
outward, and having least radius of gyration, for the pair = 

3.90, — = 92.3. Safe load = 9,060 pounds per square inch. 

As the compression is 25,000 pounds, there are required 2.7 
square inches for this purpose. 
By the formula, page 110, ^.^OQX ajeaX ^Q =, io,ooo, 

from which the area to resist bending is found to be 9.1 
square inches. 

Giving a total area for two channels of 11.8 square inches, 
or two 10-inch channels No. 101 C, weight 20 pounds per 
lineal foot will be required. 

In cases where the load is concentrated at the truss points, 
there being no bending stress, the resistance as a strut has 
only to be considered, and when braced laterally the strut 
length is reduced to the distances between bracing. 

Flexure and Tension. 

When the tension forces are large in comparison with 
the flexural forces, and where greater refinement is required, 
the resulting stresses on the beam can be closely approxi- 
mated by the following formulae. 

Mc 



S= 



^"^ hE 



Here /S= the extreme fibre stress as affected by the tension 
forces, M= bending moment, due to load, c = distance from 
neutral axis to extreme fibres, /= moment of inertia of sec- 
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tioii of beam, F= tension force, I = length of beam, ii? = 
modulus of elasticity of material of beam, a and b are 
(!onst.ants depending on the method of supporting beam 
and nature of load. For a beam supported at the ends, 

and loaded at the middle, — = 12, while for the same 

a 

beam uniformly loaded, - = 9.6. Having found S^ add 

F 

it to ^ where i^= tension force and ^=area of beam 
A 

F 
section. Then ^ + -7 gives the maximum fibre stress on the 

extreme fibres. 

Example. — An eye-bar, 20 feet long, 8 inches deep, and 
2 inches thick, is strained 10,000 pounds per square inch of 
section, and carries besides its weight a concentrated cen- 
tial load of 1,000 pounds. What is the extreme fibre stress ? 

Bar weighs 1,100 pounds. 

Bending moment, due to concentrated load = 5,000 ft.-lbs. 

uniform " = 2,750 " 



II 



<i 



it 



7,750 

^ = 10.8 F= 160,000 lbs. 7,750 f t.-l bs. = 93,000 in.-lbs. 
a 



S^ 



1 + 



Mc 



93,000 X 4 



F 



hE 



85.3 X 1 X 160,(X)0 X 57,600 
10.8 X 29,000,000 



=3,243 



iS + ^ = 3,243 -f 10,000 = 13,243 lbs. extreme fibre stress. 

Compression and Flbxurb. 

When the compressive forces are large as compared with 
the flexural forces, and the beam is confined laterally, so that 
it cannot fail in that direction as a strut, a close approxi- 
mation to the extreme fibre stress is given by the following 

formulae. 

Mc 



S=z 



I— 



aFP 
b E 



F 



and the maximum unit stress is as before, ^ + -7 
For combined fiexure and torsion, see page 232. 
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STRESSES ON BEAMS RESULTING FROM LOADS SUDDENLY APPLIED 
AND FROM PERCUSSION OR IMPACT. 

When the force acting on a beam is rapidly applied the 
momentary resulting stresses are greater than the perma- 
nent static effect due to the same load without motion. 

This live load effect will depend on the rapidity of its 
application, until extreme rapidity or instantaneous applica- 
tion occurs, when the momentary stresses become double in 
amount as compared with the static effect of the same load. 

If this instantaneously applied load is accompanied with 
percussion or impact the resulting stresses depend on the 
energy of the body in motion. The following formulae have 
been proposed to ascertain the fibre stress and deflection 
resulting from impactive forces: 

D = d + x^2mhd-\-(JP 



^=<i+V'#+0 



35 P 



35 P+17 W 

D = dynamic deflection due to fell of load P. 
d = static ** ** static load P. 

T= extreme fibre stress due to fall of load P. 
S = *' " *' " static load P. 

W= weight of beam. 
P= " " load. 
h = height of fall. 

These formulae apply to beams supported at both ends 
and the load falling on the middle of the beam. 

The percussion due to the action of a swiftly moving 
body, will cause local concentrated stresses or distortion at 
the area of contact, the effects of which are not embraced 
in this consideration. 
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BEAMS OF ANGLE AND TEE SECTION. 

It is frequently convenient to use angle or tee sections for 
roof purlines and similar purposes. 

The length of span may be so great as compared to depth 
in these cases, that deflection instead of excessive fibre 
stress is the measure of utility. 

An even-flanged angle or tee will deflect slightly less than 
an equally loaded rectangular section of the same depth and 
sectional area ; but the extreme fibre stress of the former 
will be greater than in the rectangular section. 

Therefore, for long beams, where deflection reaches the 
permissible limit before fibre stress becomes excessive, the 
rule for beams of angle and tee section given on page 111 will 
safely apply. 

If, however, the fibre stress must be kept lower than this 
rule indicates, refer to the columns " resistance," pages 202 
to 209, and apply as described on page 114. 

Example. — A 4-inch X 4-inch tee, 3.98 square inches area, 
has a resistance of 2.02 (see column VII, page 202). Ee- 
quired its greatest safe load distributed over a beam of 
10 feet span. 

120 y\r 

By the method on page 220 bending moment = — -x — = 

2.02 X 16,000 pounds, or W= 2,155 pounds nearly. 
By the rule on page 111, column V, the safe load would be 

1,770X^3.89 X 4 ^2,750 pounds, and the deflection by 
column VII, page 111, would ^e^ ^'^^^g ^^ig = -42 inch, 

or only a little over ^J^ of the span, while the extreme fibre 
stress at the outer edge of the stem would be about 17,000 
pounds, or sufficiently below the elastic limit to justify its 
use for light purlines, etc. 
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RIVSTED aiRDERS. 
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For Tablis, 

SEE Pages 

134-135. 





Fob Tables, 

SEE Pages 

125-127. 






For Tables, 

SEE Pages 

128-133. 
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RIVETED aiRDERB. 

The tables, pages 125 to 135, represent a few of the sections 
of riveted girders most frequently used in structures. The 
single-webbed girders are the most economical in material, 
and most accessible for painting and inspection. But where 
great width and lateral stiffiiess are required, the double 
web or box girder is the best. If the length of the girder 
exceeds twenty times the width of the flange, the girder 
should either be given some lateral support, or else the sec- 
tion of the top flange should be increased. It is usual to 
allow flange strains of 15,000 lbs. per square inch of net 
section for steel girders for buildings. The safe loads for 
the girders in the accompanying tables are calculated on this 
assumption, the entire sectional area of the girder being 
considered. 

The web of the girder should be made of such thickness 
that the vertical shearing strain will not exceed three- 
fourths of the horizontal strains, or 11,000 lbs. per square 
inch of section in the case of girders for buildings. The 
shearing strain is greatest at the supports, and is found by 
dividing half the load on the girder by the web section. 

If the thickness of the web is less than ^ of its depth, it 
should be stiflened to resist buckling, by the addition of 
vertical angles riveted to the web at invervals of not more 
than the depth of the girder. These stiffeners should always 
be used at the supports and at points where concentrated 
loading occurs. 

The rivets should be from | to } inch in diameter, spaced 
not closer than three diameters, nor farther apart than six- 
teen times the thickness of plate connected. 

It is good practice to limit the least depth of the girder 
to t'ir <)^ ^^ span, on account of deflection. 

The following tables are calculated by the moments of 
inertia of the girder sections, for a fibre strain of 15,000 
lbs. per square inch, and for a uniformly distributed load. 
^ y^ . . Inertia X 10 ,,,, i • ^v 

Coeffi«»«''t = iite^e dept h of girder ' ^he numbers in the 
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first columns of the tables correspond to those of the various 
sections of girders on the plates. 

The tables give coefiicients of strength, also weights per 
lineal foot, including stiffeners for each section, excepting 
girdera without cover plates in first table, where stififeners 
are omitted. 

TO FIND THE SAFE DISTRIBUTED LOAD FOB ANY OIBDER. 

Divide the coeflScient of strength by the length of span in 
feet between centres of supi>orts. The quotient will be the 
load in tons of 2,000 lbs. 

TO FIND THE C50EFFICIENT OF STRENGTH NECESSARY TO CARRY 
A CERTAIN LOAD ON A GIVEN SPAN. 

Multiply the load in tons of 2,000 lbs. by the length of span 
in feet between centres of supports. If the load is concen- 
trated at the centre of the girder, it must not exceed one-half 
the weight of the permissible uniformly distributed load. 

If the load is concentrated at some point not in the middle 
of the girder, the safe load for any such position is to the 
safe central load as the square of i the span is to the product 
of the segments of the span formed by the position of the load. 

EXAMPLES FOR APPLICATION OF TABLES. 

I. What is the carrying capacity of the single- web plate 
girder No. 16, with f-inch cover or flange plates, the girder 
being 20 feet long between centres of supports ? 

In the column of coefiicients, and opposite the girder re- 
ferred to, find proper coefficient for strength, which in this 
case is 2,678. 

2678 
Answer. = 134 tons equally distributed, 

or 67 tons in middle of girder. 

II. A box girder is required 24 feet long between supports 
to carry a 20-inch brick wall weighing 66 tons. What is the 
requisite coefficient of strength ? 

Answer. 66 X 24 = 1584. 
Referring to the table of box girders 16 inches wide, we 
find that girder No. 2, 18 inches deep, with a |-inch cover 
plate, has a coefficient of strength of 1587, or a little in 
excess of that required. 
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STRENGTH AND WEIGHT OP 
RIVETED PliATE GIRDERS. 



To find the distributed safe load in net tons, divide the 
coefficient in righlr-hand column by the length of span in 
feet. 

To find the coefficients of strength for a given load and 
span, multiply the uniformly distributed load in net tons 
by the span in feet between centres of supports. 

Weights do not include stifieners. 



J>apth. 



18 
18 
18 
18 

20 
20 
20 

22 
22 
22 

24 
24 
24 

26 
26 
26 

28 
28 
28 

30 
30 
30 

32 
32 
32 

34 
34 
34 

36 
36 
36 



Web 

Thieh- 

ness. 

a 



I 
I 

I 



Flange 

Widih. 

A. 



lOf 

lOj 
lOf 

lOj 

111 

^t 

111 




13| 




13f 




13| 

is? 

13f 



Size of Angles. 



5Xx 



Resists 
ance. 



92.9 
110.0 
126.9 
143.7 

126.8 
146.4 
165.8 

144.1 
166.5 
188.7 

170.7 
198.1 
225.4 

189.7 
220.4 
250.9 

218.0 
255.5 
292.8 

256.3 
298.5 
340.4 

279.2 
325.1 
370.6 

302.5 
352.3 
401.8 

326.3 
380.1 
433.5 



WeigtU in 
Pounds per 
Lineal Foot. 



57 
67 
77 
88 

69 
80 
91 

72 
83 
94 

77 

89 

102 

80 

92 

105 

84 

98 

113 

92 
107 
122 

95 
110 
125 

97 
113 
129 

100 
116 
132 



of^rength 



464 
550 
634 
718 

634 
731 
829 

720 
832 
943 

853 

990 

1127 

948 
1101 
1254 

1090 
1277 
1464 

1281 
1492 
1701 

1396 
1625 
1853 

1512 
1761 
2009 

1631 
1900 
2167 
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STRENGTH AND WEIGHT OF RIVETED 

PliATE GIRDERS. 
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To find the distributed safe load in net tons, divide the 
ooeffident on opposite page corresponding to the numba 
below by the length of span in feet. 

To find the coefficient of strength for a given load and 
span, multiply the uniformly distributed load in net 
tons by the span in feet between centres of supports. 
See opposite page for coefficients. 
Weights inciade stiffeners. 



Number 
Seciion. 


Width of 
€bver(A) 
in Inches. 


Depth of 

mb(B) 

in Inches. 


Tkiehness 
of Web (C) 
in Inches. 


Size<^ 

Comer Angles 

in Inches. 


1 
2 
3 


12 
12 
12 


18 
18 
18 


% 


5x3^x% 
5x3^x% 


4 
5 
6 


12 
12 
12 


21 
21 
21 


1 


5x 3^x % 
5 X 3^ X ^ 
5x3>^x% 


7 
8 
9 


12 
12 
12 


24 
24 
24 


1 


5x3^x% 
5x3^x^ 
5x3^x% 


10 
11 
12 


12 
12 
12 


27 
27 
27 


\ 
\ 


5 X 3>,iBX% 
5 X 3^ x% 


13 
14 
15 


12 
12 
12 


30 
30 
30 


> 


5 X 3^ X ^ 
5x3^x% 


16 
17 
18 


12 
12 
12 


33 
33 
33 


1 


5 X 3^ X % 


19 

ao 

21 


12 
12 
12 


36 
36 
36 


1 


5 X 31^ x% 
5 X 3i;i2 X ^ 
5x3^x% 
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STBCNGTU AND WEIGHT OF BIVETED 

PliATE GIBDEBS. 






f,^ 



J 



•A-— --^ To find the distributed safe load in net tons, divide the 

lefficient on opposite page correspc 
bdow by the length of span in feet. 



r~~n ^ coefficient on opposite page corresponding to the number 
i 



D- 






To find the coefficient of strength for a given load and 
span, multiply the uniformly distributed load in net 
tons by the span in feet between centres of supports. 

See opposite page for coefficients. 



Number 

Of 
fkclUm. 


Width 0/ 

Cwer(A) 

in Inches. 


Depth of 

mb{B) 

in Inches. 


Thickness 
of Web (C) 
in Inches. 


Width of 
in Inches. 


Size<^ 

Comer Angles 

in Imhes. 


1 
2 


16 
16 


18 
18 


\ 


8 
8 


3^x3MjX% 

3^;^ X 3^ X 3^ 


3 

4 


16 
16 


21 
21 


\ 


8 
8 


Cric^ X UTSJ X ntj 


5 
6 


16 
16 


24 
24 


\ 


8 
8 


3^x3J^x% 

O^ X Cric^ X n^ 


7 
8 


16 
16 


27 
27 


\ 


8 
8 


3^ X 3^,42 X ^ 


9 
10 


16 
16 


30 
30 


% 


8 
8 


3^ X 3^8 X % 
3^ X 3^ X ^ 


11 
12 


16 
16 


33 
33 


5 


8 
8 


3^ X 3*m X ^ 

3^ X 3^ X 1,^ 


13 
14 


16 
16 


36 
36 


\ 


8 
8 


3^x3J^x% 

d^ X Cric^ X n^ 


, 15 
' 16 


20 
20 


21 
21 


I 


ir 

11 


4. x3Mjx% 
4 x3^x^ 


17 
18 


20 
20 


24 
24 


I 


11 
11 


4 x3i^x% 
4 x3i^x^ 
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STRENGTH AND WEIGHT OF RIVETED 

PLATE GIRDERS. 



*—■ 






J 



r\ 



B . 



...4 To find the distributed safe load in net tons, divide the 

ti*. coefficient on opposite page corresponding to the number 
below by the length of span in feet. 

To find the coefficient of strength for a given load and 
span, multiply the uniformly distributed load in net 
tons by the span in feet between centres of supports. 

See opposite page for coefficients. 
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Number 

of 
Section. 


Width of 

QwerlA) 

in Inches. 


Depth of 

mb(B) 

in Inches. 


Thickness 
qf Web (C) 
in Inches. 


Width of 
in Inches. 


Size of 

Comer Angles 

in Inches. 


19 
20 


20 
20 


27 
27 


% 


11 
11 


4x3^x% 


21 
22 


20 
20 


30 
30 


I 


11 
11 


4x3^x% 
4 X 3>^ X ^ 


23 
24 


2a 

20 


33 
33 


I 


11 
11 


4 X 3^ X % 
4x3^ xijtj 


25 
26 


20 
20 


36 
36 


I 


11 
11 


4 X 3^ X % 
4x3^ x^ 


27 
28 


24 
24 


24 
24 


I 


13 
13 


5x4 x% 
5x4 x^ 


29 
30 


24 
24 


27 
27 


1 


13 
13 


5x4 x% 
5x4 X ^ 


31 
32 


24 
24 


30 
30 


!| 


13 
13 


5x4 x% 
5x4 -L^ 


33 
34 


24 
24 


33 
33 


% 


13 * 
13 


5x4 x% 
5x4 x^ 


35 
36 


24 
24 


36 
36 


!5 


13 
13 


5x4 x% 
5x4 x3^ 
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BTBENG'tH AKD WEIGHT OF RIVETED 

PLATE GIRDERS. 

^ . . .~ . .j^ ^ To find the distribated safe load in net tons, divide the 

I ^ coefficient on opposite page corresponding to the number 

j below by the length of span in feet. 

j 

'. To find the coefficient of strength for a given load and 

• span, multiply the uniformly distributed load in net tons 

• by the span in feet between centres of supports. 

• 

i See opposite page for coefficients. 
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Number 
Section, 


Width of 

Cbver(A) 

in Inches, 


Depth of 

mb(B) 

in Inches, 


Thickness 
of Web (C) 
in Inchss. 


Width of 
in Inches, 


Size of 

Corner Angles 

in Inches. 


37 
38 


30 
30 


30 
30 


\ 


18 
18 


5x4x% 
5x4x^ 


39 
40 


30 
30 


33 
33 


\ 


18 
18 


5x4x% 
5x4x3^ 


41 
42 


30 
30 


36 
36 


\ 


18 
18 


5x4x% 
5x4x^ 


43 
44 


30 
30 


39 
39 


\ 


18 
18 


5x4x% 


45 
46 


30 
30 


42 
42 


\ 


18 
18 


5x4x% 
5x4x^ 


47 
48 


36 
36 


36 
36 


^ 


24 
24 


5x4x% 
5x4x3;^ 


49 
50 


36 
36 


39 
39 


\ 


24 
24 


5x4x% 
5x4x3^ 


51 
52 


36 
36 


42 
42 


I 


24 
24 


5x4x% 
5x4x1^ 
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STBENQTH AND WEIGHT OF 
BIVETED PLATE GIBDEBS. 

To find the dlitribulsd i^s hi^ In uM tou, diTlde the 
or dlitilbalad lowl bjr leugtli c^ spu in fML 
tbeooefflcleut afXreDgih toikglTen hwdud 
tipir Uia anlfiirnilT dlitilbaUdi load In ntt 

eapu In JJeetbotiTKn cenlres of Hipparu. 
Fibre itreBB 10,000 lbs. per aquare inch. 



II 


1 


1 






1 


lOOB 


25.0 


12 


■» 


«l 


04 


102B 


35.0 


13 


\ 


s 


114 


120B 


31.5 


12 


■4 


6 


107 


122B 


40,5 


12 


^ 


54 


124 


124B 


50.0 


14 


% 


Vi 


151 


125B 


55.0 


14 


■4 


V4 


161 


I50B 


42.0 


14 


% 


n 


147 


152B 


50.0 


14 


% 


T\ 


183 


154B 


80.0 


14 


% 


Ti 


183 


1S6B 


70.0 


14 


% 


7 


203 


180B 


55.0 


16 


\ 


»i 


195 


183B 


70.0 


18 


1i 


B 


225 


188B 


85.0 


la 


\ 


Tk 


255 


200B 


65.0 


16 


% 


8 


215 


aD3B 


80.0 


16 


% 


1\ 


245 


20SB 


95.0 


16 


% 


■n. 


275 


240B 


80.0 


18 


'■' 


m. 


255 



\W\- . 

m 



To Bnd the diatrlbutad nfe load In net 
the coefflctent of diBtrilnted load bj tl 
■pen In feet. 

To find (he ooeffli^ent or rtrenglh Ibr i 
ud gpiD, multiply tha uniformly dlstribi 
net tone b]r the iptn in feet batireeD eec 

Fibre Mreu 15,000 Ita. per equtre inch. 
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SKHmffamber 
ami WtigAt. 


1 


ii 


1 


ll 


1 


1 


^ 


II 


Hi 


15 
16 
15 


150C 
ISOC 
ISOC 


33.0 
33.0 

33.0 


U 
14 
14 


1 


7 
7 
7 


117 
129 
141 


7B8 
1011 


3.93 
3.93 

3.93 


15 

15 
15 


15*C 
154C 
1S4C 


50.0 
50.0 
50.0 


14 
14 

14 


1 


6 
6 
6 


163 
175 

187 


1050 
1160 
1270 


3.92 
3.92 

3.92 


12 
12 
12 


1201 ■ 
120C 
120C 


20.5 
20.5 
20,5 


12 
12 
12 


1 


5\ 


75 
96 


4^ 
54G 


3.14 
3.14 
3.14 


12 
12 
12 


123(:: 
123<: 
123(J 


35,0 
35.0 
36,0 


12 
12 
13 


1 


5 
5 
5 


114 
135 
135 


575 
649 
723 


3.12 
3.12 
3.12 


10 
10 
10 


lOW.' 

ioo(; 

lOOC 


15.0 
15.0 
15,0 


10 
10 


1 


4 

4 


59 
68 
76 


253 
304 
354 


2.62 
2.62 
2.62 


10 


lose; 

1021 : 
I02(J 


25.0 
25.0 
25.0 


10 
10 
10 


1 


1 


79 


306 
405 


2.61 
2.61 

2.61 



REACTIONS FOR CONTINUOUS GIRDERS, 



^1 = 

^. = -?iX(i-X«) 



Pfi 



I Pfi 

+ p(i-X)-tX(i-X«) -^ — =— -i 



I 

I 
I 

a'. 



U 5- ^u 

! I 



— V-— « 



A£ 



A'3 



6 PameU. 

At + 
A, + 

^3 - 



I 



i 



0.7928,0.5926 0.4062 0.2407 
0.2476 0.4815,0.6875 0.8519 
0.0405 0.07410.0938 0.0926 



ft 



0.1030 
0.9606 
0.0637 



7 Panels, 



Ax + 

^« + 
A, - 



0.8221 0.6487 0.4839 0.3324 0.1982 0.0860 
0.2129 0.4169,0.6036 0.7639 0.8893,0,9708 
0.0350,0.0656 0.0875 0.0962,0.0875 0.0569 



8 PaneU. 



Ax + 
A, + 
A» - 



0.8442 0.6914 0.5444 0.4062 0.27980.1679 0.0737 



0.1865 0.3672 0.5362 0.6875 
0.0308i0.0586 0.0806 0.0937 



0.8155 0.914110.9776 
0.09530.08200.0513 



9 PaneU. 



Ax + 
A^ + 
A, - 



I 



0.5926 



10.86140.7250 

0.1661 

0.0275 0.0528!0.0740 



I 



i 



0.4664 0.3484 0.2407 0.14540.0644 



0.3278 0.4814 0.6227 0.7476 0.8519 0.93140.9822 



ip 



0.0891K).0960,0.0926 



|o;0763o 



.0466 



10 Panel*. 



Ax + 
A, + 

^. - 



A 



A 



A 



A 



0.8752 0.7520 0.6317 0.5160 0.4062 0.3040j0.2107|0.1280 

0.1495!0.2960|0.4365p.5680 

0.0248 0.0480 0.0683 0.0840 0.0938 



A 



A 



A 



0.0572 



0.6875t0.7920,0.8785i0.9440 ,0.9855 
.0960 0.08930.0720,0.0427 
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FIRE-PROOF FIX)ORING, 




No. 1. 

ORDINARY BRICK. 



LLC 



|[\\ipopo\oo\an/DD/DD/DDi 

ntomndon/oomom 

.dnn\on\no\aD/DD/DD/DD/b^^ 



No. 2. 

HOLLOW TILE, SIDE METHOD. 




No. 3. 

HOLLOW TILE, SIDE AND END METHOD. 




No. 4. 

HOLLOW TILE, END METHOD. 
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FIRE-PROOF FLOORING. 




No. 6. 

HOLLOW TILE FOR LIGHT FLOORS. 




r///t/^r//grrf////ff//////y/y/i//fff/y/^y//////f//f/fy//*//////I//////frf/ff//f/y^f/^f/f/"t/f//i/////t/'. 



No. 6. 

FAWCETT FLOOR. 




No. 7. 

EXPANDED METAL. 




No. 8. 

ROEBLING WIRE CLOTH. 
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FIBE-PBOOF FIX)OBING. 




No. 9. 
COLUMBIAN SYSTEM. 



-i^^^Sfi' 



^^^HBfCSf^S^ 



gt-jtaRifljciai 






-^-M-Z-j^ -^ 



No. 10. 

METROPOLITAN SYSTEM. 




No. 11. 

CORRUGATED IRON ARCH. 




No. 12. 

LONG SPAN SEGMENTAL ARCH. 
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FIRE-PBOOFINO AND BASES OF 
COIiVMNS. 




FIBE-PBOOFING AND BASES OF 

COLUMNS. 



i9im 




i. M 



^ 



FIRE-PROOF FLOORS. 

Fire-proof floors, hitherto made by filliDff the spaces be- 
tween the floor beams with segmental arcnes of ordinary 
brick, and leveled with concrete, are now asoally either flat 
arches constructed of special tiles that encase the flanges of 
the beams, or composite flooring made by various methods 
of incorporating metallic constructions within a mass of 
concrete. 

The hollow tiles are either of a dense or porous structure, 
and in diflerent systems have the webs of the tile either 
parallel with or at right angles to the floor beams, termed 
the "side " or " end construction '* respectively. The illus- 
trations show some of the general types of floor construc- 
tion, and the weights and usual spans are given in the fol- 
lowing table. The concrete used in fire-prooflng will vary 
from 120 to 164 pounds per cubic foot, according to the kind 
of cement and stone used. Ordinary natural cement and 
light furnace slag will weigh as low as 120, whereas heavy 
Portland cement and limestone or trap rock will weigh 164 
pounds per cubic foot. (See page 288.) 

The segmental arch of ordinary brick. Fig. I, is used for 
spacing of 4 to 6 feet, or even much greater if sufficient 
rise can be allowed and the arch stiflened with a suitable 
backing of concrete, the rise of the arch being preferably 
not less than one-tenth of the span. The weight of floor 
for 4}-inch brick will be about 46 pounds per square foot of 
surface, and an addition for concrete backing equivalent to 
from 120 to 164 pounds per cubic foot. 

For special cases, segmental arches of hollow tile, as in 
Fig. 12, with a rise not less than one-eighth of the span, the 
following dimensions will apply for loads of 150 pounds per 
square foot : 

Arches 4^-^ thick. Safe span, S^ Wt.of brick, 20 lbs. per sq.ft. 

it o// << II It 20^ ** ** 40 '* ** ** 

adding to the weight as before for concrete backing. 

The composite floors, Nos. 7 to 11, are formed by in- 
corporating special metallic constructions in a mass of 
concrete. Floors of this class are now successfully used ; 
definite particulars can be procured from the manufEic- 
turers. 

On account of the strength obtained from the incorporated 
metal work, these floors are usually much lighter than the 
brick arches. 

The following table gives the usual spans and weighte of 
flat arches for flooring : 



mm&^m 
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TIB RODS FOR BEAMS SUPPORTING BRICK 

ARCHES. 

The horizontal thrust of brick arches is as follows : 

Pressure in lbs. per lineal foot of arch = ^—j^ — 

W = load in lbs. per square foot. 
S = span of arch in feet. 
R = rise in inches. 

Place the tie rods as low as possible through the webs of 
the beams, and so spaced that the pressure of arches as ob- 
tained above will not produce a greater stress than 16,000 
pounds per square inch of the least section of the bolt. 

Ordinarily it will be found necessary to limit the spacing 
of the tie rods to avoid excessive bending stress on the outer 
beams of the floor, or to prevent this bending stress being 
transferred to the walls of the building. The ability of the 
outer beams to resist the horizontal bending action caused 
by the pressure of the arches is determined as follows ; 

From the formulae given in table, page 110 to 111, for the 
safe load on a beam acting at right angles to the web, or in 
the direction of the flanges, which is based on a fibre stress 
of 16,000 pounds per square inch, we have for semi-con- 
tinuous beams : 

/ 1300 AF , _. 
X =-1/ for I beams. 






1650 A F , . 

- for channels. 



w 



2650 A F ^ 

-^ — for angles. 

where w is the lateral pressure in pounds per lineal foot, 

A = sectional area of beam in square inches, 

F= width of flange in inches, 

L = distance between supports in feet. 

In practice this spacing L is not imperative, but can be 
used as a guide, since concrete or flooring material will dis- 
tribute the pressure to some extent over the length of the 
beam. 



144 



BUCKLED PLATBS. 

Buckled plates are usually made three feet square and 
from one-qnarter inch to one-half inch thick. They can be 
made of any desired size or thickness, or extended length, 
having several buckles in a single plate. 

They are usually riveted Ut the supporting beams and the 
transverae joint supported by a X or other suitable section, 
us indicated on the cut. 

Experiment shows considerable advantage by having the 
edges properly secured. 

Buckled plates, if used inverted — that is, with the buckle 
■nispended— develop from three to four times as much 
etiengtb as if used as shown in sketch. 




The strength of buckled plates may be given by the fol- 
lowing formula:* 

_ lOOJb^i t^-0 A76jJP 
^^"" 6h + i5t '^^ 

D *= total concentrated load in pounds. 

g = uniform load in pounds per square foot. 

h = depth of buckle in inches. 

/ = length of buckle in inches. 

/ = thickness in inches. 

k = permissible stress in pounds per square inch. 

If we assume y.= 120 lbs. per square foot, and k = 6,000 
lbs. per square inch, we get the following values for D, for 
various dimensions of plates : 

TOTAL CONCENTRATED LOAD IN POUNDS, ALLOWING FOB A 
DISTHIBUTED LOAD OF 120 POUNDS PER SQUARE FOOT. 



Sizao/mate. 


36 Ijiches 
Square, 


42 Inches 
Squdre. 


48 Inches 
Square. 


64 Inches 
Square. 


60 Inches 
Square. 


Thickness 
in Inches. 


2 Inches Depth qf Buckle, 


i 

1 


4350 

6500 

9000 

11700 

14700 


4200 

6350 

8800 

11500 

14400 


4000 

6100 

8550 

11200 

14100 


3800 

5900 

8300 

10900 

13800 


3550 

5600 

8000 

10600 

13400 




2J Inches Depth of Buckle, 


i 

i 


4600 
7000 

9750 
12750 
16050 


4500 

6850 

9550 

12550 

15850 


4350 

6650 

9350 

12350 

15600 


4200 

6450 

9100 

12050 

15300 


4000 

6250 

8860 

11760 

16000 




3 Inches Depth of Buckle. 




4850 

7350 
10250 
13550 
17100 


4750 

7250 

10150 

13350 

16900 


4600 

7050 

9950 

13150 

16700 


4450 

6900 

9750 

12950 

16450 


4300 

6700 

9500 

12700 

16150 



* Winkler, " Querconstructionen," Vienna. 1881. 
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The formula shows that the concentrated load and the 
total uniform load are independent of I. This, of course, is 
only correct as long as the buckled plate is not subject to local 
deformations, sp,y within the limits given in the previous 
table. The total uniform load a buckled plate can carry, 
follows from the above formula as : 

P=z4kht, 

If we assume k = 6,000 lbs. per square inch, we get the 
following : 

TOTAL UNIFORMLY DISTRIBUTED LOAD ON ANY SIZE PLATE OF 
GIVEN THICKNESS AND DEPTH OF BUCKLE. 



Depth of Buckle, 


2 Inches. 


2^ Inches. 


3 Inches. 


Thickness of Plate 
in Inches, 


Total Loads in Pounds. 


i 

* 

A 


12000 
16000 
18000 
21000 
24000 


16000 

18760 
22500 
26250 
30000 


18000 
22500 
27000 
31500 
36000 



WEIGHT OF BUCKLED PLATES THREE FEET SQUARE. 



ThiekTtess 

((fPlaUin 

Inches. 


Weight of 

One Plate in 

Pounds. 


Size and Weight qf J. 


Weight in 
Poundsper 
Square Foot 

qf Floor. 


A 


68 


4x2 T = 201bs. 


9i 


i 


92 


4x2 T = 20* " 


12 


A 


114 


4x3 T = 25 " 


15 


i 


139 


4x3}T = 30 " 


18 


iV 


160 


4x4 T = 35 " 


22 


i 


184 


4x4JT = 40 " 


25 
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PENCOYD Z BAR FIX)OBENG. 



No. 1. 







No. 2. 






ff 



K^ ■ > I . 



I 



18 ^ 






I 



f> 



10 * 



r 

CD 
I 



No. 3. 



I* 

^— 49---H 



n 



21— 



^ 



I 



^^=L 



■ — - M 






i 



\^D. 



— -12- 



Divide the coefficient in last column, on the oppofdte page, by the span of 
the floor in feet. The quotient will be the safe load in net tons, evenly dis- 
tributed, for each foot of width of floor. 



Tir 







PENCOYD Z 


\ BAR FL.OOBING. 




Section 
Jfumber. 


TMekneu 


Tkiehnett 
of Plates, 


Weighl in 

Poundsper 

Square Foot. 


ReHiianee 

per Foot of 

Width, 


Obeffleientfor 
Distributvd 
Load in Net 

Tons.perFbot 
of Width, 






\ 


\ 


25.9 


9.3 


46.7 






\ 


% 


31.0 


12.0 


60.0 






\ 


^ 


36.1 


14.7 


73.7 






A 


^ 


29.1 


10.4 


52.0 






A 


% 


34.2 


12.9 


64.5 






A 


\ 


39.3 


15.7 


78.5 






% 


\ 


32.3 


11.4 


57.2 






% 


% 


37.4 


14.0 


70.0 






% 


^ 


42.5 


16.7 


83.5 




2 


A 


ft 


32.1 


14.3 


71.5 




2 


A 


ft 


37.3 


17.6 


88.0 




2 


A 


ft 


. 42.3 


20.9 


104.7 




2 


% 


ft 


35.2 


15.5 


77.5 




2 


% 


ft 


40.3 


18.8 


94.0 




2 


% 


ft 


45.4 


22.1 


110.7 




2 


A 


ft 


38.4 


16.6 


83.2 




2 


A 


ft 


43.5 


20.0 


100.0 




2 


A 


ft 


48.6 


23.3 


116.5 




8 


% 


% 


39.3 


20.3 


101.7 




8 


% 


^ 


44.3 


24.1 


120.7 




3 


% 


% 


49.5 


. 28.1 


140.5 




3 


A 


% 


42.4 


21.7 


108.7 




3 


A 


\ 


47.5 


25.4 


127.0 




3 


A 


% 


52.6 


29.4 


147.0 




3 


\ 


% 


45.5 


23.1 


115.5 




8 


\ 


\ 


50.6 


26.7 


133.5 




8 


H. 


% 


55.7 30.7 


153.6 
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PENCOYD CORRUGATED FLOORING. 
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PENCOYD CORRUGATED FLOORING. 

Sections Nos. 210 M and 260 M are extensively nsed for floors of bridges and 
buildings. No. 210 M is generally used in buildings; No. 260 M is used for 
bridge-floors. 

The following table gives the weights and strengths of each section for 
different thicknesses : 

TTEIGHT AND STRENGTH OF CORRUGATED IXOORING. 



Section 
Ifumber. 



210M 
210M 

210M 
210M 

210M 

260M 
26pM 

260M 
260M 

2eOM 
2eOM 

260M 
260M 

260M 
260M 

260M 
260M 



JFtange 
ITUckness 

in 
Inches. 



% 

\ 
% 

% 



Web 

ThickncM 

in 

Incites, 



% 
% 

% 



Weight 
in Pounds 
per Square 

Foot, 



14.8 
18.4 

21.9 
25.5 

29.1 

20.0 
23.6 

27.1 
30.7 

26.5 
30.1 

33.7 
37.2 

29.4 
32.9 

36.5 
40.1 



EesisUmce 

per 

Foot of 

Width, 



4.4 
5.5 

6.6 
7.7 

8.9 

10.5 
13.2 

15.9 
18.6 

14.3 
17.0 

19.7 
22.4 

15.3 
18.1 

20.9 
23.7 



Ooefficientfor 
Distributed 

Load in 

Net Tons, per 

Foot of Width, 



22.0 
27.5 

33.0 
38.7 

44.4 

52.5 
66.0 

79.5 
93.0 

71.5 
85.0 

98.5 
112.0 

76.5 
90.5 

104.5 
118.5 



The resistances and coefficients for distributed loads in net tons are for each 
foot in width ; the latter for fibre stress of 15,000 pounds per square inch. 
To find the load for any span, divide the coefficient by the leng^ of span in 
feet ; the quotient is the distributed load in net tons, which produces fibre 
stress on the material, as aforesaid. 

The following tables give safe loads for varying thickness of each section, 
based on the fibre stress aforesaid. 
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PENCOYD CORRUGATED PLOORISG. 

Tht figuriK In emHil If pe under Uie loud la pouDds ire tb« correspondlni 
tbe cvpire deJiccUon *:xtxeiie s|g part of the Bpan. 

Section No. 210 M. 



»;; 


SPAN IN rEET. 


re 


• 


, . 


. 


.0 




12 


18 


14 


,. 


.. 


14.8 
















111 


























18.4 


11,411 


■'- "s 


"',". 


~S '"S 


•".". 


"'''^ 


■*",' 




V,'. 


n.'j 


'""it 


'•-^""'^ 


•','s 


... .-. ... 


^'■ra °% 


""^ 


r,". 


•25.5 


.i.. 


..,, I.OJJ 


"",". 


"Jl "Si "S 


,,^ ..0 


^"^ 




29,1 




...j .... 


.... 


"fir:« 


-^|-^ 


-"lif 






Section No. 260 H. 




1041 




eaa 




.. 


15 


IB 


17 


.. 


20 


"S 


4C7 




3SS 




23 B 


aooa 




'-^ 


"^c^ '^1 






■*»',; 


-i 


271 


:j h 


... „„ 


-s^ 


"°mI *■*« " « 






^'rf 


«>. 


3U7 




g a 








'■'m 


.ES 


"!n 


26 5 


2 




'l«a 




«se 


«6B 


*»^ 


"i 


301 






14U^ 


"■iP°°J "S 


"*» 


""w 


""^ 


'"5 


33- 




















3" 




S>'-'^ 


'"i'-s"!"*? 


-,! 


^" ■™,' "'" 


2<)4 




"1 "^S 


!:|!^|!."|i| 


-.". 






",". 


3:><» 




Ml ^ J 


-5 


'"fli 




•■s 


36 5 






''"'M"^M^""'ir^ 






''"m 


°" 


401 


»/Ud 


""•r"h"r""i'"-i"" 


'"^ 


•"" 


""« 
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PENCOYD CORRUGATED FLOORING. 

Loads iu pounds per square foot which cause a deflection equal to ^^ of 

the span. 

Section No. 210 M. 



Weight of 
Material per 
Square ^oot. 


SPAN IN FEET. 


5 


6 
1400 


7 
900 


8 
600 


9 


10 
300 


11 


12 


13 


14 


15 


14.8 


2460 


420 


230 


180 


140 


110 


90 


18.4 


3000 


1750 


1100 


740 


520 


380 


290 


220 


170 


140 


110 


21.9 


3600 


2120 


1300 


900 


630 


460 


340 


250 


210 


170 


130 


25.5 


4200 


2500 


1570 


1050 


740 


540 


400 


310 


240 


200 


160 


29.1 


4800 


2850 


1800 


1200 


850 


620 


460 


360 


280 


220 


180 








Seel 


Won. 


No. 26( 


)M. 








SPAN IN FEET. 




8 


9 


10 


11 


12 


13 


14 
430 


15 


16 


17 


18 


20.0 


2420 


m'io 


1200 


880 


680 


540 


350 


290 


240 


200 


23.6 


3050 


2200 


1580 


1200 


910 


710 


570 


460 


380 


310 


260 


27.1 


3670 


2650 


1910 


1450 


1140 


890 


720 


580 


470 


390 


,330 


30.7 


4650 


3310 


2360 


1760 


1380 


1040 


860 


690 


570 


480 


400 


26.5 


3300 


2240 


1630 


1250 


990 


780 


636 


500 


420 


350 


290 


30.1 


3920 


2670 


1940 


1480 


1170 


950 


770 


620 


510 


430 


360 


33.7 


4920 


3280 


2360 


1790 


1410 


1140 


910 


750 


620 


510 


430 


37.2 


5600 


3980 


'2m) 


2220 


1720 


1,330 


1070 


a-zo 


730 


610 


510 


29.4 


3a30 


25b() 


1840 


1390 


1090 


860 


690 


550 


460 


390 


320 


32.9 


4530 


3220 


2290 


1720 


1290 


1010 


810 


660 


540 


460 


380 


36.5 


5230 


3720 


2640 


1990 


1550 


1210 


970 


780 


640 


540 


450 


40.1 


5930 


4210 


3160 


2350 


1820 


1410 


1130 


930 


770 


640 


530 
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BEAMS SUPPORTINQ BRICK WALLa 

When the masonry alone, without any floor attachment, 
is supported, the load on the girder will vary according to 
several conditions. If the masonry is not thoroughly 
bonded throughout, or if great inflexibility is desired, it 
may be necessary to consider the whole mass of wall as sus- 
tained by the girder. 

If the wall has no openings, and the brick is laid with the 
usual bond, the material incumbent on the girder would be 
indicated by the dark line — height, one-fourth of the span. It 
is best to consider this as a triangle, whose height equals one- 
third of span, as in lower dotted line ; and as the weight of 
brick walls is nearly 10 lbs. per square foot for each inch of 
thickness, from these data we find the bending stress on the 
beam to be the same as that caused by a distributed load, in 
pounds equal to 
25 X square of span in feet X thickness of wall in inches. 

9 
And from the table of distributed loads suitable beams can 
be selected, with proper limitations, for deflection, if the 
spans are long, to avoid cracking of wall. If the wall has 
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openings as illustrated, it is necessary to consider the mass 
of brickwork, indicated by the upper course of dotted lines, 
as supported by the beams, which can be selected accord- 
ingly. 

It is usually best to use two or more beams bolted to- 
gether to give a better bearing or to insure lateral rigidity, 
and the following tables give suitable beams for solid brick 
walls properly bonded, selected to deflect less than yj^ of 
spans up to 10 feet, and 7^ of spans 15 to 20 feet. 

Particulars for separators for these beams can be found 
on page 255. 



Thickness 

qf Wall 

in Inches. 


SPANS IN FEET. 


8or9 
feet. 


Worn 
feeL 


Itwr 15 
feet. 


lUwlB 
feet. 


16 or 17 
feet. 


18 orfO 
feet. 


9 


N0.4OB 


2—5^^ 
N0.5OB 


2—V' 
No. 70 B 


2—8^^ 
N0.8OB 


2—9^^ 
N0.9OB 


2—W 
No. 120 B 


13 


2—4^^ 
N0.4OB 


2— 6^^ 
N0.6OB 


2—7^^ 
N0.7OB 


2—8^^ 
N0.8OB 


2—9^^ 
N0.9OB 


2—12^^ 
No. 120 B 


18 


2-5^^ 
N0.5OB 


2—7^^ 
N0.7OB 


2—8^^ 
N0.8OB 


2—9^^ 
N0.9OB 


2—10^^ 
No. 100 B 


2—12^^ 
No. 120 B 


22 


2—5^^ 
N0.5OB 


2—7^^ 
N0.7OB 


2—8^^ 
N0.8OB 


2—9^^ 
N0.9OB 


2—10^^ 
No. 100 B 


2—12^^ 
No. 120 B 



If beams are used to support the whole length of a wall, 
and the span exceeds 16 feet, the entire weight of the waP 
should be calculated as resting on the beam, as excessive 
deflection might push out the supports from under the beam 
and destroy the structure. 

If beams support flooring as well as weight of wall, the 
beam sections must be selected to take the additional load 
with deflection, as before stated. 
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STRUTS OF ROLLED SECTIONS. 

In the following consideration of struts of various sec- 
tions the least radius of gyration of the cross-section, 
around an axis through the centre of gravity, is assumed as 
the effective radius of the stmt. The tables on pages 158 to 
163 are the classified averages of an extensive series of ex- 
periments. 

The tables for destructive pressures represent the ultimate 
load at the point of failure. 

The greatest safe loads are the aforesaid crippling loads, 
divided by the factors of safety hereafter described. 

As is well known, the method of securing the ends of the 
struts exercises an important influence on their resistance 
to bending, aa the member is held more or less rigidly in 
the direct line of thrust. 

In the general tables, struts are classified in four divisions, 
viz.: " Fixed Ended," "Flat Ended," "Hinged Ended," 
and " Round Ended." 

In the class of " fixed ends " the struts are supposed to be 
so rigidly attached at both ends to the contiguous parts of 
the structure that the attachment would not be severed if 
the member was subjected to the ultimate load. "Flat- 
ended" struts are supposed to have their ends flat and 
normal to the axis of length, but not rigidly attached to the 
adjoining parts. " Hinged ends " embrace the class which 
have both ends properly fitted with pins, or ball and socket 
joints, of substantial dimensions as compared with the 
section of the strut ; the centres of these end joints being 
practically coincident with an axis passing through the 
centre of gravity of the section of the strut. "Round- 
ended " struts are those which have only central points of 
contact, such as balls or pins resting on flat plates, but still 
the centres of the balls or pins coincident with the proper 
axis of the strut. 

If in hinged-ended struts the balls or pins are of com- 
paratively insignificant diameter, it will be safest in such 
cases to consider the struts as round-ended. 

If there should be any serious deviation of the centres of 
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round or hinged ends from the proper axis of the strut, 
there will be a reduction of resistance that cannot be esti 
mated without knowing the exact conditions. 

When the pins of hinged-end struts are of substantial 
diameter, well fitted, and exactly centered, experiment 
shows that the hinged-ended will be equally as strong as 
flat-ended struts. But a very slight inaccuracy of the center- 
ing rapidly reduces the resistance to lateral bending, and 
as it is almost impossible in practice to uniformly maintain 
the rigid accuracy required, it is considered best to allow for 
such inaccuracies to the extent given in the tables, which 
are the average of many experiments. 

It is considered good practice to increase the factors of 
safety as the length of the strut is increased, owing to the 
greater inability of the long struts to resist cross strains, etc. 
For similar reasons we consider it advisable to increase the 
factor of safety for hinged and round ends in a greater ratio 
than for fixed or flat ends. 

Presuming that one- third of the ultimate load would con- 
stitute the greatest safe load for the shortest struts, the 
following progressive factors of safety are adopted for the 
increasing lengths. 

3. 4" .01 - for flat and flxed ends. 
r 

3 4" '015 — for hinged and round ends. 

I = length of strut. r = least radius of gyration. 
From the above we derive the following factors of safety : 



r 


Fixed 

and Flat 

Ends. 


Hinged 

and 

Round 

Ends. 


I 

r 


Fixed 

and Flat 

Ends. 


Hinged 

and 
Round 

Ends. 


r 


Fixed 

and Flat 

Ends. 


Hinged 

and 

Round 

Ends. 


20 


3.2 


3.3 


110 


4.1 


4.65 


200 


5.0 


6.0 


30 


3.3 


3.45 


120 


4.2 


4.8 


210 


5.1 


6.15 


40 


3.4 


3.6 


130 


4.3 


4.95 


220 


5.2 


6.3 


60 


3.5 


3.75 


140 


44 


5.1 


230 


5.3 


6.45 


60 


3.6 


3.9 


150 


4.5 


5.25 


240 


5.4 


6.6 


70 


3.7 


4.05 


160 


4.6 


5.4 


250 


5.5 


6.75 


80 


3.8 


4.2 


170 


4.7 


5.55 


260 


5.6 


6.9 


90 


3.9 


4.35 


180 


4.8 


5.7 


270 


5.7 


7.05 


100 


4.0 


4.5 


190 


4.9 


5.85 


280 


5.8 


7.2 
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STRUTS OP WROUGHT IRON OR EXTREME 

SOFT STEEL.— No. 1. 

DestructiTe pressure in pounds per square inch. 



Length. 


Fixed Ends. 


Flat Ends. 


Hinged Ends. 




Least Radius 
^f Gyration. 


Bound Ends, 


20 
30 
40 
50 


46000 
43000 
40000 
38000 


46000 
43000 
40000 
38000 


46000 
43000 
40000 
38000 


44000 
40250 
36500 
33500 


60 
70 
80 
90 


36000 
34000 
32000 
31000 


36000 
34000 
32000 
30900 


36000 
33^/50 
31500 
29750 


30500 
277faO 
25000 
22750 • 


100 
110 
120 
130 


30000 
29000 
28000 
26750 


29800 
28050 
26300 
24900 


28000 
26150 
24300 
22650 


20500 
18500 
16500 
14660 


140 
150 
160 
170 


25500 
24250 
23000 
21500 


23500 
21750 
20000 
18400 


21000 
18750 
16500 
14650 


12800 

11150 

9500 

8500 


180 
190 
200 
210 


20000 
18750 
17500 
16250 


16800 
15650 
14500 
13600 


12800 

11800 

10800 

9800 


7500 
6750 
6000 
5500 


220 
230 
240 
250 


15000 
14000 
13000 
12000 


12700 
11950 
11200 
10500 


8800 
8150 
7500 
7000 


5000 
4650 
4300 
4050 


260 

^ 280 
290 


11000 

10500 

10000 

9500 


9800 
9150 
8500 
7850 


6500 
6100 
5700 
5350 


3800 
3500 
3200 
3000 


300 
310 
320 
330 


9000 
8500 
8000 
7500 


7200 
6600 
6000 
5550 


5000 
4750 
4500 
4250 


2800 
2650 
2500 
2300 


340 
350 
360 
370 


7000 
6750 
6500 
6150 


5100 
4700 
4300 
3900 


4000 
3750 
3500 
3250 


2100 
2000 
1900 
1800 


380 
390 
400 


5800 
5500 
5200 


3500 
3250 
3000 


3000 
2750 
2500 


1700 
1600 
1500 
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STRUTS OF WROUGHT IRON OR EXTREME 

SOFT STEEL.— No. 2. 

GreateBt safe load in pounds per square inch of cross-section for vertical struts. 
Both ends are supposed to be secured as indicated at the bead of each column. 

If Itoth ends are not secured alike, take a mean proportional between the 
▼alues given ibr the classes to which each end belongs. 

If the strut is hinged by an^ uncertain method, so that the centres of pins 
and axis of strut may not coincide, or the pins may be relatively small and 
loosely fitted, k is best in such cases to consider the strut as " round ended." 



Length. 


Fixed Ends. 


Flat Ends. 


Hinged Ends. 




Least Radius 
of GyraHon. 


Round Ends. 


20 
30 
40 
50 


14380 
13030 
11760 
10860 


14380 
13030 
11760 
10860 . 


13940 
12460 
IIIIO 
10130 


13330 
11670 
10140 
8930 . 


60 
70 
80 
90 


10000 
9190 
8420 
7950 


10000 
9190 
8420 
7920 


9230 
8330 
7500 
6840 


7820 
6850 
5950 
5230 


100 
110 
120 
130 


7500 
7070 
6670 
6220 


7450 
6840 
6260 
5790 


6220 
5620 
5060 
4580 


4560 
3980 
3440 
2960 


140 
150 
160 
170 


5800 
5390 
5000 
4570 


5340 
4830 
4350 
3920 


4120 
3570 
3060 
2640 


2510 
2120 
1760 
1530 


180 
190 
200 
210 


4170 
3830 
3500 
3190 


3500 
3190 
2900 
2670 


2250 
2020 
1800 
1590 


1310 

1150 

1000 

890 


220 
230 
240 
250 


2880 
2640 
2410 
2180 


2140 
2250 
2070 
1910 


1400 
1260 
1140 
1040 


790 
720 
650 
600 


260 
270 
280 
290 


1960 
1840 
1720 
1610 


1750 
1610 
1460 
1330 


940 
870 
790 
730 


550 
500 
440 
410 


300 
310 
320 
330 


1500 
1390 
1290 
1190 


1200 

1080 

970 

880 


670 
620 
580 
540 


370 
350 
320 
290 


340 
350 
360 
370 


1090 

1040 

980 

920 


800 
720 
650 
580 


490 
450 
420 
380 


260 
240 
230 
210 


380 
390 
400 


850 
800 
740 


510 
470 
430 


340 
310 
280 


200 
80 
70 
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STRUTS OF MEDIUM STJEEU— No. 3. 

Destmctiye pressure in pounds per square inch, for steel of medium grade, 
tensile strength, about 70,000 lbs. per square inch. 

For extreme soft steel, use table No. 1. 



Length, 


Fixed Eiuls, 


Flat Ends. 


Hinged Ends. 




Ltast Udditu 


Sound Ends. 


qf Oyration. 










20 
30 
40 
50 


70000 
51000 
46000 
44000 


70000 
51000 
46000 
44000 


70000 
51000 
46000 
44000 


66d00 
47700 
41900 
38800 


60 
70 
80 
90 


42000 
40000 
38000 
36100 


42000 
40000 
38000 
36000 


42000 
39700 
37400 
34700 


35600 
32600 
29'/00 
26500 


100 
110 
120 
130 


34200 
33100 
31900 
30100 


34000 
32000 
30000 
28000 


31900 
29800 
27700 
25500 


23400 
21100 
18800 
16500 


140 
150 
160 
170 


28200 
26800 
25300 
23400 


26000 
24000 
22000 
20000 


23200 
20-/00 
18100 
15900 


14200 

12300 

10400 

9240 


180 
190 
200 
210 


21400 
19400 
17900 
16200 


18000 
16200 
14800 
13600 


13700 

12200 

11000 

9800 


8030 
6990 
6120 
5500 


220 
230 
240 
250 


15000 
14000 
13000 
12000 


12700 
11950 
11200 
10500 


8800 
8100 
7500 
7000 


6000 
4650 
4300 
4050 


260 
270 
280 
290 
300 


11000 

10500 

10000 

9500 

9000 


9800 
9150 
8500 
7850 
7200 


6500 
6100 
5700 
5330 
5000 


3800 
3500 
3200 
3000 
2800 

N_£ 
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STRUTS OP MEDIUM STEEL,— No. 4. 



Greatest safe load for steel of medium grade, tensile strength aboat 70,000 lbs. 

For extreme sofi steel, use table No. 2. 

The figures are the working loads in pounds per square inch for yertlcal struts. 

Both ends are supposed to be secured as indicated at the head of each 
column. 

If lK>th ends are not secured alike, take a mean proportional between the 
TRlues given for the classes to which each end belongs. 

If the strut is hinged by an^ uncertain method so that the centres of pins 
and axis of strut may not oomcide, or the pins may be relatively small and 
loosely fitted, it is best in such cases to consider the strut as " round ended.'' 



>? 



Length. 


Fixed Ends. 


Flat Ends. 


Hinged Ends. 




Least Radius 


Round Ends. 


(ff Gyration. 










20 


21900 


21900 


21200 


20300 


30 


15400 


15400 


14800 


13800 


40 


13500 


13500 


12800 


11600 


50 


12600 


12600 


11700 


10300 


60 


11700 


11700 


10800 


9130 


70 


10800 


10800 


9800 


8050 


80 


10000 


10000 


8900 


7070 


90 


9260 


9230 


7980 


6090 


100 


8550 


8500 


7090 


5200 


110 


8070 


7800 


6410 


4540 


lao 


7590 


7140 


5770 


3920 


130 


7000 


-6510 


5150 


3330 


140 


6410 


5910 


4550 


2780 


150 


5950 


5330 


3940 


2340 


160 


5500 


4780 


3350 


1920 


r/0 


4980 


4250 


2860 


1660 


180 


4460 


3750 


2400 


1410 


190 


3960 


3310 


2080 


1190 


200 


3580 


2960 


1830 


1020 


210 


3180 


2670 


1590 


890 


220 


2880 


2440 


1400 


790 


230 


2640 


2250 


1250 


720 


240 


2410 


2070 


1140 


660 


250 


2180 


1910 


1040 


600 


260 


1960 


1750 


940 


550 


270 


1840 


1610 


860 


500 


280 


1720 


1460 


790 


440 


290 


1610 


1330 


720 


410 


300 


1500 


1^^ 


670 


370 



» 



L 
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STRUTS OP HABD STEEL.-No. 5. 

DestructiTe pressure in pounds per square inch for hard steel, tensile 
strength about 100,000 lbs. 

For softer steel, see table No. 3. 



Length, 


Fixed Bnds. 


Fiat Ends. 


Hinged Ends. 




Least Radius 


Round Ends. 


of Gyration. 










20 


100000 


100000 


100000 


95600 


30 


74000 


74000 


74000 


69300 


40 


62000 


62000 


62000 


56600 


50 


60000 


60000 


60000 


52900 


60 


58000 


58000 


58000 


49100 


70 


55500 


55500 


55100 


45300 


80 


53000 


53000 


52200 


41400 


90 


49900 


49700 


47800 


366U0 


100 


46800 


46500 


43700 


32000 


110 


44700 


43200 


40400 


28500 


120 


42600 


40000 


36900 


25100 


130 


39400 


36700 


33500 


21600 


140 


36300 


33500 


29900 


18200 


150 


34200 


30700 


26500 


15700 


160 


32200 


28000 


23100 


13300 


170 


29800 


25500 


20300 


11800 


180 


27400 


23000 


17500 


10300 


190 


25100 


21000 


15800 


9060 


200 


22900 


19000 


14100 


7860 


210 


20300 


17200 


12400 


6950 


220 


18300 


15500 


10700 


6100 


230 


16900 


14400 


9820 


5600 


240 


15500 


13400 


8960 


5140 


250 


14200 


12400 


8270 


4780 


260 


12900 


11500 


7630 


4460 


270 


12200 


10600 


7060 


4050 


280 


11400 


9700 


6500 


3650 


290 


10900 


9000 


6130 


3440 


300 


10600 


8500 


5890 


3300 
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STRUTS OF HABD STEEIi.-Ko. 6. 



Greatest safe load for hard steel, tensile strength about 100,000 lbs. 

For soft steel, see table No. 4. 

The figures are the working loads in pounds per square inch for vertical stmts. 

Both ends are supposed to be secured as indicated at the head of eadi 
column. 

If lioth ends are not secured alike, take a mean proportional between the 
Talues given for the classes to which each end belongs. 

If the strut is hinged by any uncertain method, so that the centres of pins 
and axis of strut may not coincide, or the pins may be relatively small and 
loosely fitted, it is best in such cases to consider the strut as *' round ended." 



Length, 


Fixed Ends. 


Flat Ends. 


Hinged Ends. 




Letut Radius 


Bound Ends. 


of Gyration. 










20 
30 
40 
50 


31200 
22400 
18200 
17100 


31200 
22400 
18200 
17100 


30300 
21400 
17200 
16000 


29000 
20100 
15700 
14100 


60 
70 
80 
90 


16100 
15000 
13900 
12800 


16100 
15000 
13900 
12700 


14900 
13600 
12400 
11000 


12600 

11200 

9860 

8410 


100 
110 
120 
130 


11700 

10900 

10100 

9160 


11600 

10500 

9520 

8530 


9710 
8670 
7690 
6770 


7110 
6130 
5230 
4360 


140 
150 
160 
170 


8250 
7600 
7000 
6340 


7610 

6820 

6090 

. 5420 


5860 
5050 
4280 
3660 


3570 
2990 
2460 
2130 


180 
190 
200 
210 


5710 . 
5120 
4580 
3980 


4790 
4280 
3800 
3370 


3070 
2700 
2350 
2020 


1810 
1550 
1310 
1130 


220 
230 
240 
250 


'3520 
3190 
2870 
2580 


2980 
2720 
2^ 
2250 


1700 
1500 
1360 
1220 


970 
870 
780 
710 


260 
2!/U 
280 
290 
300 


2300 
2240 
1960 
1850 
1800 


2050 
1860 
1670 
1520 
1420 


1100 

1000 

900 

830 

780 


660 
570 
510 
470 
440 
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ROLLED STRUCTURAL 8HAPB8 AS STRUTS. 

The following tables of safe loads for rolled struts are 
derived from previous table No. 4, and from the columns 
given for flat-ended bearings. 

When steel of medium grade is used, say 65,000 pounds 
tensile strength or greater, the tables derived from No. 4 
can be used, described as applicable to steel of medium 
grade. 

In all cases the strut is supposed to be vertical. In short 
struts this distinction is immaterial, but in long horizontal 
struts some allowance is necessary for the deflection due to 
weight. 

If the struts are rigidly connecte<l at the ends to con- 
tiguous parts of a structure, the increase of resistance be- 
comes considerable in extremely long struts, and proper 
allowance can be made by using the columns for ''Fixed 
Ends " in table No. 4. On the contrary, if the end bearing 
of the strut is to be of uncertain character or fit, it wall 
be best to reduce the safe load to that in the columns for 
"Round Ends," in the same table. In these working 
tables the calculations are made to apply to the mean thick- 
nesses of each shape. Where more exact results are re- 
quired for thicknesses above or below the mean, the true 
radius of gyration of the section will be found on pages 186 
to 214. But within the range of variation of thickness 
possible for any shape, the tables may be accepted as prac- 
tically correct. 

For I beams, table No. 7 applies to cases where the 
strut is braced in the direction of the flanges, so that 
failure could occur in the direction of the web only. For 
unbraced I struts use table No. 8. Likewise for channel 
bars used as struts, and braced to resist failure in the 
directions of the flanges, use table No 9 same as for latticed 
channels. 

For a pair of latticed channels, which form a more perfect 
column than single rolled sections, the safe loads are given 
for various conditions of the end bearings, as described on 
pages 156 and 157. On the table No. 9 the distances D or d 



1C4 



for flanges inward or outward, respectively, make tlie radii 
of gyration equal for either direction of axis, parallel to web 
or to the flanges. 

Under each length of struts in the table, I represents the 
greatest distance apart in feet that centres of lateral bracing 
can be spaced, without allowing weakness in the individual 
channels. The distance I is obtained as shown in last ex- 
ample, that is, by making — = p* 

I = length between bracing. 
L = total length of strut. 

r = least radius of gyration for a single channel. 
R = least radius of gyration for the whole section. 



Whole Lunijj 

It is customary to make I much shorter than given in the 
tables, the figures given being useful as a guide. If a 
column is composed of four angles, forming the corners of 
a square, and properly latticed as explained above, find the 
radius of gyration of the combined section, as described on 
page 184, and then the working resistance from tables Nos. 
2 to 6, or the safe load can be ascertained approximately 
from table No. 16 on page 178 for square columns. 

When a pair of angles are tied together forming a single 
strut 



A 



d 



b 



take the greatest radius of gyration, around axis A By in 
column No. IX, page 205, for a single angle as the least radius 
of gyration of the pair, and proceed as before described. 
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PENCOYD X BGAMS AS STRUTS— No. 7. 



aflCATCST 8ArC LOAD IN POUNDS MW SQUAfIC INCH Of SECTION FOR 

STCCL or MEDIUM GRADE. 

For strata secured against failure in the direction of the flanges and liable to 

bend only in the direction of the web. 



Sizeqf 

Beam 
in Inches. 



24 r= 9.35 

20 r= 7.64 

18 r=6.85 

15 r= 5.87 

12 r= 4.74 

10 r= 3.97 

9r=3.50 

8 r = 3.16 

7r=2.78 

Jr=2.33 

5 r =1.95 

4r=1.58 

3r=1.18 



LENGTH IN FEET, 



6 



8 



10 



12 



14 



16 



18 



20 



22 



24 



Oreatest sqfe load in pounds per square inch qf section. 



21680 



21510 



18000 



1876015350 



21400 16710;i4370 



19730 



15320 



13770 



17640 14330 13130 



15220 



1336012520 



139301266011560 



129101163010320 



11610 9890 



8380 



21010 



18520 



15320 



14050 



13370 



12910 



12510 



11540 



10490 



9150 



7010 



20330 



18520 



16000 



14180 



13220 



12730 



12390 



11660 



10630 



9530 



8060 



5770 



21430 



18120 



16390 



14720 



13440 



12710 



12260 



11630 



10920 



9810 



8610 



7040 



4640 



1950017780 



1627015080 



1504014240 



13960 



13400 



1291012570 



1230011660 



11550 



10970 



1099010320 



10180 



9030 



7750 



6100 



9510 



8290 



6950 



5220 



3620 2860 



16280 



14330 



13690 



12960 



15240 



13810 



13260 



12670 



1219011630 



11140 10600 



10370 



9730 



8870 



7580 



6190 



4400 



2370 



9820 



9150 



8250 



6910 



5460 



3650 



2000 
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PENCOYD X BEAMS AS STRUTS.— No. 8. 

GREATEST SAFE LOADS IN POUNDS PER SQUARE INCH OF SECTION FOR 

STEEL OF MEDIUM GRADE. 

When Btruts are unsupported, or Aree to bend in the direction of the flanges, 
r — least radius of gyration for mean thickness of each shape. 






240B 

200B 
203B 
206B 

180B 
183B 
186B 

150B 
152B 
154B 
156B 

120B 
122B 
124B 
125B 

lOOB 
102B 

90B 

80B 

70B 

60B 
68B 

SOB 
40B 
30B 



24 

20 
18 



Size of Beam 
in Inches. 



= 1.33 

1.18 
1.27 
1.38 



r = 
r == 

r = 

r = 

r = 



15;: 



r 
r 
r 

r 



12:: 



r 
r 
r = 



1.12 
1.20 
1.32 

1.07 
1.13 
1.24 
1.32 

1.00 
1.09 
1.19 
1.24 

0.94 
1.03 



10 ;: 

9 r = 0.87 

8 
7 



6 

5 
4 

3 



r 
r 



r = 



0.81 

0.76 

0.69 
1.05 

0.63 
0.57 
0.52 



LENGTH IN FEET, 



6 



8 10 


12 


14 


16 


18 


20 



22 



Greatest sqfe load in pounds per square inch of section. 



14080 

13420 
13800 
14290 

13150 
13500 
14040 

12970 
13210 
13670 
14030 

12730 
13050 
13460 
13670 

12550 
12830 

12230 

11770 

11430 

10870 
12960 

10X0 
9670 
9060 



12320 

11590 
12080 
12480 

11340 
11700 
12290 

11080 
11390 
11940 
12290 

10640 
11180 
11650 
11940 

10270 
10820 

9780 

9310 

8880 

8210 
10930 

7520 
6740 
6000 



10630921079206740 



10350 
10870 

9560 
10000 
10580 



92507660 

96108070 

102108730 



10580 



87907140 



9380 

9950 

10210 

8350 
8990 

7780 

7240 



67404900 



5960 



8900 
9460 

8000 
8500 
9160 



98908380701057704640 



75806370 
81907030 



6600533041803210 



7140 
7870 



62304940 



9160 



6670 
7390 
7870 



7800 
8440 
8730 

6660 
7370 



56804360 
6380 



5440 



4060 



915075406090 



7080 
7390 

5150 
5920 



60304490 



3860 
3330 
2710 



59104780 



6680 



5410 
6180 
6680 



5100 
5840 
6180 



58404710 



3810 
4620 

3200 

2740 

2420 

2020 



52003290 
43402660 



3550 



2240 



22801650 
1870 1270 
1510 



5660 



5260 
596049704060 



55904590 



3780 



42603270 
50604040 
55904590 

32402530 
3940,3020 
3680 



50604040 



2830 
3460 

2430 

2130 

1870 

1490 



478036202790 



4650 

3620 
4250 



3750 



2900 



2260 
2680 

1940 

1650 

1410 



3730 

2860 
3350 



2570 
2960 
3670 

2360 
2610 
3180 
3670 



2070 
2440 
2910 
31802600 



1820 
2200 

1520 

1250 



3010 

2370 
2730 
3260 

2150 
2440 
2960 

1960 
2190 
2600 
2960 



1690 
2030 
2410 



1450 
1810 
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TABLE OF STRUT8.-N0. 9. 

LATTICED CHANNEL STRUTS. 



eillrwUonof nuDHCsaDd ] 

IB web V D. 

iMlumn. gd.MtheiBdlua 






dworiplion.piigB 1 







andU 


LEXGTS llf FEET. 


C»fln 


i 




8 


lU 


12 1 14 1 IS 


18 t «) 






cl,^ 


,«,H 


pma'l'piT!q«areioc 


=/«■=»■«.. 


151 


u. 


Fiiea. 


22000 


22000 


20420 


17430 15280 14250 13590 13080 




i.4g 




22000 


22000 


20420 


17430 15280 14250 


13590:13080 




z.-w 


KlDgcd. 


J2000 




19720 


16740 14630 13600 12900 12300 






ItoupJ. 




2000 


18670 


15460 13630 12580 11720 11020 








I.W 










Hi 






22000 


20520 


16B70 


14760 13770 13110 


12690 12310 








aaxx) 20520 


16870 


ivm 13770 13110 12680 12310 




0.1s 


Hinged. 




9810 


16180 


14090 13100' 12330, 11790 11390 


d^ 








8790 


14940 


13130 11970 11060 10400 9810 








1,10 










101 






22000 


7440 


14700 


13590 12890 12450 11810 11220 






Xlat. 




7440 


14700 


13590 12890 12450 11810 11220 


D^ 




Hinged. 


22000 


6740 


14040 


12900 120SO 1)520 10920 10280 




S.80 


Rflund. 


22000 

20810 


5460 


13070 


11720 10730,10010 


9Z70 8540 


gi 


. 


Filed. 


6200 


14170 


13190, 12620 12070 11^ 11^20 




8.3§ 




30810 


6200 


14170 


13190 12620 12070 


11380 10720 


p= 




Hinged. 


20100 




13500 


12430 1172011160 10440, 9770 


d= 


5.34 


Round. 


19130 


4390 


12470 


11180 10330, 9530 


8730 7950 


Sin>. 


Fixed. 


18880 


4900 


13500 


12730 12160,ll?roi 10640' 10000 






Flat 




4900 


13500 


12730 I2I6OI1137O 10640 10000 


P- 




Hinged. 


18170 


4240 


12800 


11870, 11240 10430 


9680 8900 


d= 


<.6I 


Round. 


16950 1 


3270 


11600 


10490' 9630 8720 


7850 7070 
97701 9100 


Tl 


5. 


Filed. 


155'70 


3930 


12870 


12ffi0| 11320 10490 








16570 i 


3930 


12870 


12220 11320 10490 


9763 9060 






Hinged. 


15900 1 


3260 


12040 


11300 10370 9500 


8620 7780 








14700 


2180 


10700 


^.^ S Tm 


6770 5890 












2.« 












14860 


3170 


12360 


11340 10400 9580 


8SO0. 8210 




2.24 


Mst. 


14860 


3170 


12360 


11340 104O0 9560 


8760 8000 


/)= 




Hinged. 


14200 


2400 


11440 


10380 9390 8380 


7410 6610 








13240 




9900 


8690 7550, 6510 


5520 4730 








1.55| 


2.06 






4.«4^ 5.16 



TABLE OF STRUTS.-NO. 9. 

LATTICED CHANNEL STRUTS. 

ORCATCST8AFC LOADS IN POUNDS PCR SQUARE INCH Or SECTION PON 

STEEL or MEDIUM ORADE. 

The channels must be connected so as 
to insure unity of action, and separated 
not less than the distances D or d re- 
spectively given in inches in the margi- 
nal column. Figures in smaller type 
under each length represent the greatest 
distance apart in feet on each channel 
that centres of lateral bracing should be 
placed. 



«fc 



— B-- 



LENGTH IN FEET. 



22 



24 



26 



28 



30 



32 



31 



86 



Greatest safe load in pounds per square inch of section. 



12720 


12450 


12720 


12450 


11860 


11520 


10480 


10010 


8.79 


4.14 


11730 


11260 


11730 


11260 


10830 


10320 


9170 


8590 


4.04 


4.41 


10630 


10110 


loaso 


10110 


9670 


9040 


7840 


7200 


4.47 


4.88 


10150 


9610 


10150 


9600 


9100 


8420 


7260 


6560 


4.58 


5.00 


9410 


8830 


9380 


8790 


8160 


7450 


6290 


5560 


4.88 


6.33 


8480 


8030 


8390 


7750 


6990 


6360 


5100 


4490 


5.33 


6.81 


7690 


7090 


7280 


6600 


5910 


5240 


4050 


3420 


5.67 


6.19 



12070 

12070 

11160 

9530 

4.48 

10760 

10760 

9780 

7990 

4.77 

9610 

9590 

8420 

6560 

6.29 

9100 

9060 

7780 

5890 

5.42 

8360 

8220 

6820 

4940 

5.77 

7590 

7140 

5770 

3920 

6.30 

6450 

5950 

4590 

2820 

6.70 



11590 

11590 

10690 

9030 

4.83 

10320 

10320 

9300 

7470 

5.14 

9130 

9100 

7820 

5930 

6.69 

8590 

8540 

7140 

5250 

5.85 
7970 
7670 
6280 
4420 

6.22 
7050 
6560 
5200 
3380 

6.78 
5950 
5330 
3940 
2340 

7.22 



11220 

11220 

10280 

8540 

5.17 
9890 
9890 
8770 
6930 

6.51 
8670 
8620 
7240 
5350 

6.10 
8240 
8040 
6650 
4770 

6.25 
7590 
7140 
5770 
3920 

6.66 
6500 
6000 
4640 
2870 

7.27 
5460 
4740 
3320 
1900 

7.73 



10830 

10830 

9810 

8060 

5..')2 
9490 
9470 
8270 
6400 

5.87 
8310 
8160 
6750 
4880 

6.. "50 
7900 
7560 
6180, 
4320' 

6.671 
71201 
6630 i 
5270 
3450 

7.10 
6060 
5460 
4080 
2440 

7.75 
4910 
4180 
2800 
1820 

8.25 



10450 

10450 

9450 

7620 

5.86 
9100 
9060 
7780 
5880 

6.24 
8000 
7700 
6320 
4450 

6.91 
7550 
7090 
5730 
3880 

7.09 
6650 
6150 
4790 
3000 

7.55 
5640 
4950 
3530 
2050 

8.23 
4350 
3660 
2330 
1360 

8.77 



10100 

10100 

9040 

7200 

6.19 
8710 
8660 
7290 
5400 

6.61 
7690 
7270 
5900 
4040 

7.32 
7130 
6650 
5290 
3460 

7.50 
6230 
5680 
4310 
2600 

7.99 
5180 
4450 
3050 
1760 

8.72 
3850 
3210 
2010 
1140 

9.28 



Condi- 
tion of 
Ends. 



Fixed. 
Flat. 
Hinged. 
Bound. 

Fixed. 
Flat. 
Hinged. 
Bound. 

Fixed. 
Flat 
Hinged. 
Bound. 

Fixed. 
Flat. 
Hinged. 
Bound. 

Fixed. 
Flat. 
Hinged. 
Round. 

Fixed. 
Flat. 
Hinged. 
Bound. 

Fixed. 
Flat. 
Hinged. 
Round. 



Size qf 
Oiannils. 



15 ins. 

r= 5.49 
D=12.4S 

d= 9.14 

IZ ins. 

r= 4.42 
Z>=10.13 

d= 7.25 

10 ins. 
r= 3.66 
Z>= 8.55 
d= 5.80 

9 ins. 

r= 3.38 

/>= 7.90 

d= 5.34 

Sins. 
r= 3.00 
Z>= 7.08 
d= 4.62 

7 ins. 
r-= 2.60 
D= 6.22 
d-= 8.85 

6 ins. 

r= 2 24 

D= 5 44 

d^ 3.21 
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PENCOYD CHANNELS AS STRUTS-No. lO. 

ORCATCST SArC LOADS IN POUNDS PER SQUARE INCH Or SECTION FOR 

STEEL or MEDIUM GRADE. 

When struts are unsupported, or free to bend in the direction of the flanges, 
r — least radius of gyration for mean thickness of each sice. 



Section 
Number. 



154C— 155C 
150C— 153c 



123C— 124C 

iaOC-122C 

128C 



lOaC— 104G 
lOOC— lOlC 



920- 93C 
90C— QIC 



82C— 84C 
80C— 81C 



72C- 74C 



3izeof 

Chan 

nets 

in 

Inches. 



LENGTH IN FEET. 



6 



8 



10 



12 



U 16 



18 



20 



Greatai sitfe load in pounds per sq, in. of section. 



Iff 

f^l.03 

r== .90 

1» 

r^ .95 
r= .79 
r= .70 

10 

r= .77 
^^.71 

9 

r= .73 

r^ .67 

8 

r^ .69 
r= .62 



7 
^ .66 



1936012830 
17160!l2380 



1804012570 
15320,11630 
14370 10970 



108208990 
100008030 



15150 
14470 



14680 
14130 



14290 
13670 



14030 



70C— 71C r= .58 13340 



6 



61C— 63C r= .59 
eOC/^ .54 



50C— 52C 
40C— 42C 
30C-- 32C 



13420 
13010 



ff 

.4912680 



11490 
11050 



11200 
10670 



10870 
10210 



10580 
9790 



10340 
9150 
8300 



8970 
8400 



8600 
7980 



8210 
7400 



737059204620 
631047803460 



8430 
7040 
60804180 



6840 



5720 



5060 



674052403910 
522036502610 



5010 



62004300 



64204550 



3790 



59604060 



78605590 
68804490 



3190 



2790 



34402480 



2880 



3060 
2560 



2710 
2210 



2070 



2130 



2250 
1900 



2020 
1590 



^ .45 



8 

^ .42 



12380 



12040 



9890 7010 
9310 6310 



8650 5500 



8030 4780 



4640 
3860 



367024801840 
276019401330 



286020001400 
2400!l660 



3470 
2590 



2900 
2020 
1540 



1920 
1600 



1710 
1370 



1490 



1320 



7520 



4180 



310020201280 



25901660 



22801390 



2680 
2070 



2200 
1660 



23001870 
1560 



1450 



1250 



170 



PENCOYD Z BARS AS STRUTS.— No. 11. 



GRCATCST SArC LOADS IN POUNDS PCR SQUARE INCH Or SKCTION PON 

STCCL OP MEDIUM ORADC. 

When struts are unsupported, or free to bend in the direction of the flanges, 
r — least radius ot gyration for mean thickness of each size. 



Sec. 

No, 



r=.81 

64Z 

r=.81 



61Z 
r=.83 

56Z 

r=.72 



54Z 

= .74 

51Z 
= .75 



47Z 
r=.66 

44Z 

r==.65 



41Z 
r = .65 

34Z 
r=.54 



31Z 
r— .55 



fifize 
in Inches. 



3^x6^x3^x11 
3ftx6,Vx3Ax% 

3Ax6^x3AxA 
3^4x5 x3i4xH 

3;^x&^x3/7X^ 
3i4x5Ax3J4r% 

3^4Ax3^tt 
3]njx4^x3^x^ 

21fx4Ax2HxTB6 
2Ui3Ax2iixH 

2ttx3^x2iJxA 



LENGTH IN FEET. 



4 


6 


8 


10 


12 


14 


16 



18 



Greatest sqfe load in pounds per sq. in. of section. 



55901178093107240 



5590 



5950 



4680 



4790 



4900 



4030 



4080 



4080 



3010 



3090 



1178093107240 



11970 



11200 



11290 



11370 



10580 



10490 



11490 



9310 



94406450 



94807430 



860064204550 



870065304670 



8790 



7750 



7750 



6310 



664047803240 



78605590 



5460 



5460 



3860 



4020 



5440 



5440 



56404070 



3670 



3550 



3550 



2400 



3860 



3860 



3060 



3150 



2480 



2740 



2710 



2890 



2250 



2310 



2360 



1840 



2410 1770 



24101770 



1660 



24801720 



2130 



2130 



2230 



1650 



1650 



1750 



1710 1250 



1760 



1810 



1320 



1260 



1260 



1300 



1360 
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PENCOYD ANGLES AS STRUTS.— No. 







{.BSOTB IN FEET. 








„',■&.. 


. 1 4 1 . 1 » 1 10 1 1. 1 U 1 « I "" i «> 


GrmltitvSi load in prntfU piT i^aj^ inch of iwtUin. 


8 18 
r-L69 


1 
1S38D 12940 


11670 


10360 


9190 


3100 


7090 


1 
6160 5280 


6 i6 

r = 1.19 


21750 13460 11G50 


9950 


8440 


70B0 


5840 


4710 


3680 3910 


5 i5 

r= .89 


187101270010580 


8720 


7060 


5590 


4270 


3170 


Z4S0 


2030 


i i4 

r= .79 


15320 ]ie30 9150 


7040 


5220 


3650 


2610 


2020 


1560 




?t'S 


1429010880 8220 


5980 


4080 


2700 


2010 


1480 






3 i3 

r™ .59 


13430 9890 7Q10 

1 


4640 


2860 


3»0 


1400 








Jl'S 


13090, 9440 6450 


4020 


2480 


1720 










^fS 


12630 8650 5500 

1 1 


3100 


1960 


1280 










?l-a 


12390 78B0 4590 


2480 


1570 












2x2 
r= .3S 


11660 6950 3550 


1970 














;i'S 


11130 6310 2960 


1660 














Jt'S 


9560. 4180 1800 
















;i'a 


9060 35<0 1510 
















1 ii 


7S30 3280 

I 

















PENCOYD T££S AS STRUTS— No. 13. 

GREATEST SAFE LOAD IN POUNDS PER SQUARE INCH Or SECTION POR 

STEEL OP MEDIUM GRADE. 

r = least radius of gyration of each size. 



Size cif 
Tee in 
Inches, 



4x4 

r=.85 



r=.73 



3x3 
r=.62 



r=.54 






2x2 
r=.41 



1% X 15^4 
r=.36 



1^x1^ 
r=.32 



1^x11^ 
r=.30 



1x1 
r=.26 



LENGTH IN FEET 



6 



8 



10 



12 



14 



16 



18 



20 



GrecUest safe lotui in poundx per square inch of section. 



16280 



14680 



13670 



13010 



12600 



31870 



11130 



10400 



10000 



9060 



12110 


9640 


11200 


8600 


10210 


7390 


9310 


6310 


8500 


5330 


7330 


3970 


6310 


2960 


5330 


2340 


4780 


2070 


3540 


1510 



7610 



6420 



5060 



3860 



2960 



2170 



1660 



1200 



5840 



4550 



3190 



2400 



1910 



1290 



4280 



3060 



2210 



1660 



1200 



3040 



2250 



1590 



2330 



1840 1430 



1710 1250 



Z73 



COLUMNS OF ROUND AND SQUARE SECTION. 

Experiments on columns of this class are not yery com- 
plete, especially as denoting the comparative values for the 
various end conditions. The following tables, Nos. 14 to 16, 
are derived partly from experiment on actual columns, ex- 
tended and completed by comparison with the experiments 
on rolled struts from which all our previous tables of strut 
resistances are derived. 

Table No. 4, page 161, is taken as the basis for the working 
values. On account of the more perfect symmetry of form 
possessed by round and square sections than the shapes for 
which this table was especially calculated, the safe loads 
per square inch of section are increased ten (10) per cent, 
for round columns, and five (5) per cent, for square columns. 
That is, the factors of safety previously given remain the 
same, the ultimate strength is supposed to be 10 and 5 per 
cent, respectively greater than the rolled struts. 

The tables are calculated for certain thicknesses, varying 
from i inch for 2-inch diameter up to | inch for 12-inch 
diameter^ as marked in the margins. At the same place 
R represents the radius of gyration for the diameter and 
thickness given. AVhen the thickness varies but a little 
from that given, the strength per square inch of section can 
be accepted as practically unchanged. But when the varia- 
tion becomes of importance, the radius of gyration corre- 
sponding to the altered thickness will have to be obtained, 
and the strength of the column then ascertained from table 
No. 4, as heretofore described. 

The following table gives the values of the radius of 
gyration for round and square columns from 2 to 12 inches 
diameter, and from ^ of an inch to 1 inch thick. 

Example for Round Column : 

What is the greatest safe load for a flat-ended round 
column 6 inches outer diameter, J inch thick, 8.64 square 

inches area, and 18 feet long, r = 1.95 — =111? By table 

No. 4, the corresponding safe load ^ 7,730 lbs. + 10 per 
cent. = 8,500 lbs. per square inch of section, or 73,440 lbs. 
for the column. 
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No. 14. 

RADH OF GYRATION FOR ROUND 

COIiUMNS. 



ll 



Thickness in Inches Varying by Tenths, 



.1 



.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 



1.0 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 



Corresponding Radius qf Gyration in Inches. 



.67 


.64 


.61 


.58 


.56 


.54 


.52 


.51 


.50 


1.03 


.99 


.96 


.93 


.90 


.88 


.a'i 


.83 


.81 


1.38 


1.35 


1.31 


1.28 


1.25 


1.22 


1.19 


1.16 


1.14 


1.73 


1.70 


1.66 


1.63 


1.60 


1.57 


1.54 


1.51 


1.48 


2.08 


2.05 


2.02 


1.98 


1.95 


1.92 


1.89 


1.86 


1.83 


2.43 


2.40 


2.36 


2.33 


2.;-«) 


2.2*/ 


2.24 


2.21 


2.18 


2.79 


2.76 


2.72 


2.69 


2.66 


2.62 


2.59 


2.56 


2.53 


3.15 


3.11 


3.08 


3.04 


3.01 


2.9^/ 


2.94 


2.91 


2.88 


3.51 


3.47 


3.44 


3.40 


3.3'/ 


3.33 


3.30 


3.2-/ 


3.23 


3.86 


3.82 


3.79 


3.75 


3.72 


3.68 


3.65 


3.62 


3.58 


4.21 


4.18 


4.15 


4.11 


4.08 


4.04 


4.01 


3.9'/ 


3.94 



.50 
.79 
1.12 
1.46 
1.80 
2.15 
2.50 
2.85 
3.20 
3.55 
3.90 



RAOII OF GYRATION FOR SQUARE 

CX>IiUMNS. 



1^ 






2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 



Thickness in Inches Varying by Tenths. 



.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 



Corresponding Raditis of Gyration in Indies. 



1.0 



.78 


.74 


.71 


.68 


.65 


.63 


.61 


.59 


.58 


1.18 


1.14 


1.11 


1.08 


1.04 


1.01 


.98 


.96 


.93 


1.59 


1.55 


1.51 


1.47 


1.44 


1.41 


1.38 


i.a5 


1.32 


2.00 


1.96 


1.92 


1.89 


1.85 


1.81 


1.78 


1.75 


1.71 


2.41 


2.3/ 


2.33 


2.29 


2.25 


2.21 


2.18 


2.15 


2.11 


2.82 


2.78 


2.74 


2.70 


2.66 


2.62 


2.58 


2.55 


2.51 


3.23 


3.19 


3.15 


3.11 


3.07 


3.03 


2.99 


2.96 


2.92 


3.63 


3.59 


3.55 


3.51 


3.48 


3.44 


3.40 


3.36 


3.32 


4.04 


4.00 


3.96 


3.92 


388 


3.84 


3.80 


3.77 


3.73 


4.45 


4.41 


4.3*/ 


.4.33 


4.29 


4.25 


4.21 


4.17 


4.13 


4.86 


4.82 


4.78 


4.74 


4.70 


4.66 


4.62 


4.58 


4.54 



.58 
.91 
1.29 
1.68 
2.08 
2.48 
2.89 
3.29 
3.70 
4.10 
4.51 
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STEEIi COIiUMNS.—No. 15. 

ROUND SECTION. 

ORCATCST SArC LOADS IN POUNDS rOR SQUARE INCH OW SECTION. 

MEDIUM STEEL. 

B7 this table for the same ratios of — the safe loads are increased 10 pei 
cent. OTer the results obtained for prerious tables, as given in table No. 4. 



LENGTH IN FEET. 



Sizeqf 
Column. 


Condi- 
tion of 
Ends. 


19 ins. 


Fixed. 


Diameter. 


Flat. 


i" thick. 
i2=4.08 


Hinged. 
Round. 


10 ins. 


Fixed. 


Diameter. 


Flat. 


i" thick. 
i2»8.87 


Hinged. 
Round. 


8 ins. 


Fixed. 


Diameter. 


Flat 


i" thick. 
R = 2.66 


Hinged. 
Round. 


6 ins. 


Fixed. 


Diameter. 


Flat 


I' thick. 
i^'=2.00 


Hinged. 
Round. 


5 ins. 


Fixed. 


Diameter. 


Flat. 


1" thick. 
22=1.64 


Hinged. 
Round. 


4 ins. 


FUed. 


Diameter. 


Flat 


i" thick. 
22=1.33 


Hinged. 
Round. 


3 ins. 


Fixed. 


Diameter. 


Flat 


A" thick. 
22=1.00 


Hinged. 
Round. 


2 ins. 


Fixed. 


Diameter. 


Flat 


i" thick. 
22=0.66 


Hinged. 
Round. 



4 


6 


8 


10 


12 


U 


16 



18 



Greatest Sttfe Load in Pounds per Square Inch of Section. 



23000:23000 
2300023000 
2300023000 



23000 

23000 
23000 
23000 
23000 

23000 
23000 
23000 
23000 

23000 
23000 
23000 
23000 

23000 
23000 
23000 
23000 

23000 
23000 
23000 
23000 

20770 
20770 
19990 
18650 

15450 
15450 
14700 
13530 



23000 

23000 
23000 
23000 
23000 

23000 
23000 
23000 
23000 

20770 
20770 
19990 
18650 

17350 
17350 
16630 
15430 

15490 
15490 
14740 
13590 

14000 
14000 
13060 
11540 

11640 

11640 

10570 

8560 



2300020920 
2300020920 



23000 
23000 

• 

22810 
22810 
22030 
20950 

18600 
18600 
17850 
16480 

15510 
15510 
14760 
13610 

14370 
14370 
13500 
12090 

13550 
13550 
12540 
10820 

11700 

11700 

10650 

8640 

8920 
8650 
7120 
5060 



17050; 15570 14630114030:13590 
17060 15570 14630 14030113590 



20140 
18760 

17780 
17780 
17040 
15780 

15490 
15490 
14740 
13590 

14000 
14000 
13060 
11540 

13060 
13060 
12080 
10270 

11690 

11690 

10630 

8610 

9720 
9670 
8190 
6110 

6780 
6150 
4640 
2790 



16390 
15260 

15570 
15570 
14830 
13690 

14250 
14250 
13350 
11910 

12870 
12870 
11880 
10040 

11600 

11600 

10520 

8500 

10170 

10140 

8760 

6680 

8350 
7850 



14810 
13670 



13810 
12450 



1450013870 
14500,13870 
1366012880 
1228011340 

1355012570 
13550 12570 
1254011560 
10820 9690 



11700 

11700 

10650 

8640 

10360 

10340 

9000 

6940 

8970 
8710 



10670 

10660 

9390 

7350 

9280 
9180 
7620 
5550 

7940 
7420 



7180 5920 
5120 3900 



6850 
6250 



6350, 4740 
4310 2860 



4810 
4040 
2580 
1510 



3230 

2730 

1580 

890 



5590 
4790 
3250 
1880 

2290 

2020 

1090 

630 



13090 
11590 

13260 
13260 
12260 
10470 

11690 

11690 

10630 

8620 

9720 
9670 
8190 
6110 

8500 
8070 
6550 
4510 

6830 
6220 
4710 
2850 

4280 
3560 
2230 
1270 

1760 

1450 

790 

450 



12580 
10880 

12500 

12500 

11460 

9580 

10900 

10900 

9670 

7650 

8980 
8730 
7200 
5140 

7500 
7050 
5550 
3560 

5910 
5120 
3560 
2040 

3300 

2790 

1620 

910 
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STEEL COIiUMNS.-No, 15. 



ROUND SECTION. 

ORCATCST SArE LOADS IN POUNDS PER SQUARE INCH OP SECTION POR 

MEDIUM STEEL. 

The calculations arc based on the thicknesses and radii of gyration marked 
under the diameters on marginal columns. See description. 



LENGTH IN FEET. 



20 



22 



24 



26 



28 



80 



32 31 86 



Greatest Sttfe Load in Pounds per Square Inch of Section. 



12930 
12930 
11940 
10110 

11770 

11770 

10730 

8720 

10170 

10130 

8760 

6680 

8350 
7850 
6350 
4310 



12350 11750 



12350 

11310 

9400 

11150 

11150 

9990 

7960 

9460 
9410 
7870 
5790 

7570 
7030 
5530 
3540 



6730 5990 
6100 5200 



4580 
2750 

4880 
4100 
2620 
1540 

2650 

2280 

1250 

720 



3630 
2080 

4000 
3310 
2050 
1150 

2100 

1860 

1000 

580 



11750 

10700 

8690 

10550 

10540 

9230 

7180 

8970 
8710 
7180 
5120 

6850 
6250 
4740 
2860 

5160 
4370 
2860 
1670 

3280 

2760 

1610 

910 

1800 

1490 

810 

460 



11230 


10730 


11230 


10710 


10080 


9450 


8070 


7410 


9980 


9430 


9950 


9370 


8520 


7830 


6450 


5750 


8490 


7940 


8050 


7420 


6540 


5920 


4500 


3900 


6250 


5590 


5500 


4790 


3940 


3250 


2300 


1880 


4350 


3/20 


3630 


3100 


2280 


1880 


1300 


1050 


2790 


2330 


2380 


2050 


1320 


1110 


760 


650 



10240 9770 

10220 9730 

8850 8260 

6770 6180 



9040 
8830 
7300 
5230 

7350 
6810 
5310 
3340 

4910 
4120 
2640 
1550 

3180 

2700 

1550 

870 

2010 

1760 

940 

550 



8670 
8290 
6770 
4730 

6830 
6220 
4710 
2850 

4280 
3560 
2230 
1270 

2800 

2390 

1320 

760 

1790 

1480 

800 

460 



9340 
9260 
7710 
5630 

8280 
7780 
6270 
4240 

6380 
5660 
4110 
2420 

3760 
3130 
1910 
1060 



9020 
8800 
7260 
5200 

7820 
7290 
5790 
3780 

5910 
5120 
3560 
2040 

3300 

2780 

1620 

910 



Qmdi' 
tion of 
Ends. 



Fixed. 
Flat. 
Hinged. 
Round. 

Fixed. 
Flat. 
Hinged. 
Round. 

Fixed. 
Flat. 
Hinged. 
Round. 

Fixed. 
Flat 
Hinged. 
Round. 



2430 2110 Fixed. 
2120 1870! Flat. 
1160 1000, Hinged. 
670 590 Round. 



Fixed. 
Flat. 
Hinged. 
Round. 

Fixed. 
Flat. 
Hinged. 
Round. 

Fixed. 
Flat. 
Hinged. 
Round. 



Size of 
Column. 



IZ ins. 
Diameter 
%" thick. 
£=4.08 

10 ins. 
Diameter. 
>^ "thick. 
R= 8.87 

8 ins. 
Diameter. 
H" thick. 
R= 2.66 

6 ins. 
Diameter. 
%" thick. 
i2= 2.00 

Sins. 
Diameter. 
^" thick. 
B= 1.64 

4 ins. 
Diameter. 
K" thick. 
22= 1.88 

Sins. 
Diameter. 
A" thick. 
£= 1.00 

9 ins. 
Diameter. 
1^" thick. 
i2= 0.66 
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STEEL COLUMNS.— No. 10. 

SQUARE SECTION. 

QRCATCST SAFE LOADS IN FOUNDS PON SQUARE INCH OW SECTION POR 

MEDIUM STEEL. 

By this table for the same ratios of y the safe loads are increased 5 p» 
cent over the results obtained for previous tables, as given in table No. i. 



Sfizeoj 
Column. 


Oondi- 
Hon of 
Rndt. 


19 ins. 

Side. 
1" thick. 
22=4.65 


Fixed. 
Flat. 
Hinged. 
Round. 


10 ins. 

Side. 
J" thick. 
22=8.87 


Fixed. 
Flat. 
Hinged. 
Bound. 


8 ins. 

Side. 
I" thick. 
22 = 3.07 


Fixed. 
Flat 
Hinged. 
Round. 


6 ins. 

Side. 
f thick. 
22=2.80 


Fixed. 
Flat 
Hinged. 
Round. 


5 ins. 

Side, 
r thick. 
22=1.39 


Fixed. 
Flat. 
Hinged. 
Round. 


4 in*. 

Side, 
i" thick. 
22=1.53 


Fixed. 
Flat. 
Hinged. 
Round. 


3 ins. 

Side. 

A" thick. 

22=1.15 


Fixed. 
Flat 
Hinged. 
Round. 


2 ins. 

Side. 
k" thick. 
22= 0.77 


Fixed. 
Flat 
Hinged. 
Round. 



LENGTH Iir FEET, 



4 


6 


8 


10 


12 


14 


16 



18 



Oreatett 9€ife load inpowndtper square inch of section. 



23000 
23000 
23000 
23000 

23000 
23000 
23000 
23000 

23000 
23000 
23000 
23000 

23000 
23000 
23000 
23000 



2300023000 
2300023000 
2300023000 
2300023000 

2300023000 
2300023000 
2300023000 
2300023000 

2300020220 
2300020220 
2300019480 
2300018120 



22190 
22190 
21440 
20460 



2300018850 



224001858015960 
224001858015960 
21650 17850 15240 



23000 
23000 
23000 

23000 
23000 
23000 
23000 

22190 
22190 
21440 
20470 



18850 
18110 
16770 



15870 
15870 
15150 
14110 

14440 
14440 
13740 
12550 



1584013440 



15840 
15130 
14090 



13440 
12550 
11130 



1396012040 
1396012040 
1317011090 



20680 

19240 
19240 
18510 
17180 

15870 
15870 
15160 
14120 

13960 
13960 
13170 



16510 14190 



1596014580 
15960'14580 
1524013880 
14190 12730 



1430013450 
1430013450 



13580 



12570 



11870 10550 



10870 



15910 12060 



15910 
15190 
14140 



12060 

11110 

9350 



9320 

9460 
9420 
8050 
6070 



13190 
13190 
12220 
10720 

12030 

12030 

11070 

9300 

10230 

10220 

9010 

7060 

7680 
7190 
5750 
3830 



12350 11150 

13110 12040 
13110112040 
12120 11090 
9320 



11980 

11980 

11000 

9210 

10630 

10630 

9520 

7590 

8760 
8610 
7140 
5160 

5970 
5260 
3780 
2200 



10820 

10820 

9740 

7830 

9420 
9380 
7990 
6020 

7650 
7150 
5720 
3790 

4320 
3610 
2290 
1320 



14780 
14780 
14070 
12960 

13760 
13760 
12950 
11620 



11080 

11080 

10050 

8130 

9810 
9780 
8490 
6510 

8480 
8200 
6740 
4780 

6440 
5840 
4390 
2640 

3080 

2600 

1510 

850 



14020 
14020 
13240 
11950 

13260 
13260 
12320 
10850 



13490 
13490 
12610 
11200 

12790 
12790 
11820 
10130 



1289011205011320 
11320 
11930 11090 10280 
10250 9320 8410 



10230 

10220 

9010 

7060 

8900 
8810 
7330 
5350 

7630 
7130 
5700 
3780 

5390 
4630 
3150 
1830 

2300 

2020 

1100 

630 



9390 
9390 
8010 
6030 

8260 
7890 
6440 
4490 

6670 
6130 
4700 
2860 

4270 
3580 
2260 
1300 

1800 

1530 

830 

460 
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STEEL COIiUMNS.— No, 16. 

SQUARE SECTION. 

GRCATEST 8ArE LOADS IN POUNDS PER SQUARE INCH Or SECTION FOR 

MEDIUM STEEL. 

The calculations are based on the thicknesses and radii of gyration marked 
under the diameters in marginal columns. See preyious description. 



LENGTH IN FEET. 



20 



22 


24 


26 


28 


80 


32 


34 



86 



GreaUsi safe load in pounds per square inch of section. 



13150 


12680 


12110 


13150 


12680 


12110 


12160 


11720 


11160 


10610 


10010 


9400 


12090 


11550 


10970 


VAU) 


11550 


10970 


11150 


10530 


9920 


9380 


8660 


7990 


10650 


10030 


9440 


10650 


10020 


9400 


9550 


8770 


8020 


7610 


6810 


6040 


B760 


8230 


7650 


8610 


7860 


7150 


7140 


6410 


h72() 


5160 


4450 


3'/90 


7540 


6750 


6130 


7030 


6220 


5460 


5600 


4800 


3990 


3680 


2940 


2350 


5920 


5090 


4250 


hH(X) 


4330 


a560 


3710 


2880 


2240 


21 hO 


1680 


1290 


3390 


2780 


2280 


2840 


23'/0 


2000 


1700 


1320 


1090 


950 


760 


630 



11640 

11640 

10650 

8780 

10450 

10450 

9300 

7360 

8900 
8810 
7330 
5350 

7000 
6480 
5050 



11150 

11150 

10140 

8220 

9970 
9950 
8690 
6720 

8500 
8230 
6770 
4800 

6440 
5830 
4390 



317(JI2640 



5500 
4740 
3260 
1880 

3590 
2990 
1820 
1020 

1920 

1670 

890 

520 



4800 
4050 
2630 
1540 

3040 

2570 

1480 

830 

1660 

1370 

740 

420 



10720 


10300 


9900 


1^/20 


10290 


9880 


9620 


9100 


8600 


7700 


7160 


6630 


9500 


9040 


8700 


9460 


8980 


8530 


8100 


7520 


7060 


6110 


5530 


5080 


8110 


7650 


7170 


7690 


7160 


6660 


6240 


5730 


5220 


4290 


3800 


3330 


5940 


5390 


4830 


5220 


4630 


4070 


3730 


3160 


2650 


2170 


1830 


1550 


4140 


3620 


3150 


3460 


3010 


2660 


2170 


1840 


1550 


1240 


1030 


870 


2640 


22'/0 


19^/0 


2260 


1990 


1740 


1250 


1080 


930 


720 


620 


540 



9510 
9470 
8110 
6120 

8390 
8080 
6620 
4660 

6690 
6160 
4730 
2890 

4270 
3580 
2260 
1300 

2810 

2390 

1330 

770 

1780 

1500 

810 

450 



Condi- 
tion of 
Ends. 



Fixed. 
Flat. 
Hinged. 
Round. 

Fixed. 
Flat. 
Hinged. 
Round. 

Fixed. 
Flat 
Hinged. 
Bound. 

Fixed. 
Flat. 
Hinged. 
Round. 

Fixed. 
Flat. 
Hinged. 
Round. 

Fixed. 
Flat. 
Hinged. 
Round. 

Fixed. 
Flat 
Hinged. 
Round. 

Fixed. 
Flat 
Hinged. 
Round. 



Size of 
Column. 



1% ins. 
Side. 
I" thick. 
22=4.65 

10 ins. 
Side. 
i" thick. 
R = 3.87 

8 ins. 

Side. 

i" thick. I 

22=3.07 

6 ins. 

Side. 
I' thick. 
22 = 2.80 

ff ins. 

Side. 
I" thick. 
22=1.89 

4 ins. 

Side. 
V^ thick. 
22=1.53 

3 ins. 

Side. 

A" thick. 

22=1.15 

2 ins. 
Side. 
J" thick. 
22 = 0.77 
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MOMENTS OF INERTIA OF STANDARD 

SECTIONS. 

When not otherwise specified, the inertia is the greatest 
M round centre of gravity, or for horizontal axis in figures. 

A = total area of section. 



f 






^ 



^ 



mi 



7, axis X y 



I Beam Section. 
8 = taper of flange. 

J- bh* — cJfi tCf^ I csl^ 

12 "^ 18 "•■ 4 



6 "^ 12"^ 



9 "•" 



^•(^i^)(l+0" 




/, axis xy = 



Channel Section. 
8 = taper of flange. 

8 

••=5— <• 

12 
2w6» + ft» + I 



+ i(**-'*) 



■AcP, 



d = 



mi2+*|+|-|^6-A ^b+2i^ 



Deck Beam Section. 
8 = taper of flange. a = area of bulb. 



o = m — 



8 



3' 



?^- ^ / = -777- + lo + ttt* + -Q- + 



rE 



V 



6^ 
64 ' 12 ' '^"'' ' 3 "^ 3 

_ m8 (6 ~ , ( 6 — t)^ . g (6 -> <) o « 
3 "^ 36 "^ ? • 

7, axis ^ = 12:4 + 12 + "" 



2 

i6« 



ci = 



a(2/i — Jfe) + <(/i— Jk)2 + (6 — Op^ + «(& 






2A 
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Tee Section. 



r 
I 

-.4.. 



ir* 



% ^—' ^— — ^ 



} ^- 3 • 

7, axis ary =•' — 1 o — ^^^ — 



TtT 



12 
'^- 2A 



even 



m Angle Section. 

I ^j \^ or uneven angles. 

■*•— — — -\ — ► > Q 



Nr For uneven angles. 



xy passes throngh centre of gravity parallel to ee. 



I axis xy = o^= -^^ =^-J. For 

even angles. ^ 

A close approximation for the latter is the following : 

^ . Ah'^ 

J, axis xy = 25 * For even angles. 

j\l i, axis ocy ="i377i2_i_52]* For uneven angles. 

^r^CT'V"" A close approximation for 7, axis ocy is 



\\r 





• 



I 



TM\ r-.,:.™._ o'Xc» 



in which o = long leg ; c = short leg ; -4 =area of angle ; 
5 is a constant which will vary with the ratio of length of 
legs as follows : 

Even Legs B = 12.76. 

Ratio of Legs 1 : IJ 5 = 12.9. Ratio of Legs 1 : 1} P =13.4 

Ratio of Legs 1:1\B= 13.1. Ratio of Legs 1 : 2 B=13.7 

d z=z — -^ \ ' For even and uneven angles. 
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a = -Q A * J^^^ uneven angles. 

In uneven angles the distance from centre of gravity in 
direction of the long leg exceeds that in the direction of the 
short leg by half the difference in the length of the two legs. 

In angles and tees of equal legs and thickness 



d=sjife4-'r< I nearly. 



Inbbtia of Compound Shapes. 

"Tlie moment of inertia of any section about any axis is 
equai to the /about a parallel axis passing through its cen- 
tre of gravity + the area of the section multiplied by the 
square of the distance between the axes." 

By use of this rule, the moments of inertia or radii of gyra- 
tion of any single sections being known, corresponding val- 
ues can readily be obtained for any combination of these 
sections. 



E 
0-- 

EH 



A 



.s. !_3i._. 

I I 

\ I 






.'' I 



1\ 



Kir^ 



. L^ Example No. 1. — A combination of 
"^ two 9^^ channels of 3.89 square inches 
D section, and two 12 X J plates as 
. shown. 



"% Axis A B of Section. 

I for two channels, col. V, page 190, 
/for two plates = ^^ ^^'^^' X 2 = .03125 ) 
6 (area of plates) X 4S » = 128.34375 J 



95.78 



= 128.375 



/ for combined section — 224.1 55 

which divided by area (13.78) gives 16.27 — i? or 4.03 radius 
of combined section. 



Axis C D. 

Find distance d = (.60) from page i91, then obtaining the 
^distance (4.17) between axes CD and EF, 



' w 



iw" 
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/ for two channels around axis AV'Trom col. VI, = 3.64 
Area of channels X sq. of dist. = 7.78 X 4.17* = 135 286 

Jfor two plates =:^^^^ = 72. 



/for combined section = 210.826 



^ ,. . .. /210.826 „^, 

Radius of gyration = ^ i^Ju" ^^ ^-^^ 



By similar methods, inertia or radius of gyration for any 
combination of shapes can readily be obtained. 

^ ^^-2^\ Example No, 2. — A "built-up beam" com- 
•i IIJ^' posed of: 4 angles 3^^ X 3^^ X 1^^ 

7 *? 2 plates 8^^ X Y\ 

"i— - -y-'fe 1 plate 15^^ X i'\ 

'1 

Axis A B. 



LM 



I 



— 12-X^- 
+ 8 (area) X 7?* (sq. of distance d) = 480.5 



/of two 8^^ X i plates = ^ ^/ X 2 = .167 



480.667 
/of one 15^^ X i plate -= i^l-^-i- = 105.469 

I of four 3 X 3 X i angles = 4 X 1.25 = 5 00 
4- 6.76 (area) X 6.66^ (sq. of distance d}) = 255.488 

260.488 



} 



Inertia of combined section around A B = 84tt.624 
Radius of gyration = \/"Tq^5 = 6.61 

Radius op Gyration of Compound Shapes. 

In the case of a pair of any shape without a web the value 
of R can always be readily found without considering the 
moment of inertia. 

The radius of gyration for any section around an axis 
parallel to another axis passing through its centre of gravity 
is found as follows : 



Let r = radius of gyration around axis throug:h centre of 
gravity. R ^^ rtidiuB of gyration around another aiie paral- 
lel to above, d — distance between axis. 
R ■= y'rf^ + ^T 
When r is small, R may be taken as eqnal to d without 
material error. Thus, in the case of a pair of channels lat- 
ticed together, or a similar conatruction. 
ExampUNo. 1. — Two 9" channels of 3. 89 square inches sec- 
c E "O"! placed 5 68" apart, required the radius of 
5;-fe C i^ gyration around axis C B for combined section. 
^ ^ Find in col. X, page 190, r ^ .67 and r" = 0.45. 
Find distance from base of channel to nentrat 
axis, same page, = .60, thie added to one half 
the distance l>etween the two bars, 2.84" ^ 
3.44" d, and (P = 11.8336. 
Radius of gyration of the pair as placed =^ 
v'lL8336+"o:45 r= 3,505 
The value of R for the whole section in relation to the 
xis A B\6 the same as for the single channel, to be found 
1 the tables. 

Exam.]^ No. 2.— Four 3" X 3" X \" angles placed as 
shown, form a column of 10 inches 

ff square ; required the radius of gyra- 
M'V^^* tion. 
[ I ,_<juU Find in column VIII, page 205, r = 

L 1^-- i- — B .93 and r" = .8649. 

Find distance from side of angle lo 
neutral axis, same page, = .84. Sub- 
tract this from half the width of col- 
umn = 5. — .84 = 4.16 = d or dis- 
tance between two axes, d? = 17.3056. 
liadius of gyration of four angles as placed = 

1/17^3056+78049 = 4.26. 

When the angles are large as compared with the outer 

dimensions of the combined section, the radius of gyration 

can be taken without serious error from the table of radii 

cf gyration for squaie columns, on page 175. 
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ELEMENTS OF PENC07D STRUCTURAL 



In the following tables various fundamental properties of 
rolled sections are given, whereby the strength or stiffness 
of each can be readily determined. 

The calculations are made for all sections of I beams and 
channels, and for the least and greatest thickness of other 
shapes ; intermediate thicknesses of these can be approxi- 
mated by interpolation. 

Moments op Inertia for the sections are obtained as here- 
after described. 



(TxiprtiSi 
__^ , is used for deter- 

^ area 

mining the resistance of struts or columns. 

RESI8TAKCE,equal8 auiiiH^f^ar.' ^'^'extreme fibre. ' '« «««d for 

determining transverse strength in beams, etc., as de- 
scribed on page 114. 

CoEFFicENT FOR Safe Load is the calculated load in net 
tons, on a beam one foot between supports, that produces 
fibre strains of 16,000 lbs. per square inch. A corresponding 
load for any beam is found by dividing this coefficient by 
the length of span in feet. 

Coefficients for Deflection are found by the formulse 
on page 218, based on a modulus of elasticity of 28,000,000 
lbs. They apply to beams one foot long, bearing one ton 
(2,000 lbs.) The deflection of any beam in inches is found 
by multiplying its coefficient by the load in net tons and by 
the cube of the length in feet. 

Maximum Load in Net Tons indicates the greatest load 
that a beam, however short, should carry, unless its web is 
reinforced, to prevent crippling. This load is obtained by 
the formula : 

a; = 8 tons. 
W __ ^ ^d^ ^ = depth of beam. 

P t = thickness of web. 



1+. 



3000^^ 



l^dX secant 45° (P = 2d^. 
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ELEMENTS OF PENCOYD BEAMS. 

A 



C- 



7 



J] 



^ 
^ 



-D 



I. 


II. 


III. 


TV. 


V. 


VI. 


VII. 


VIIL 




• 




Weight 
per i^t 

in 
Pounds. 


Moments of 


Square of Radius 


SiMe 
in 


SecHon 
Number. 


Area in 
Square 
Inches. 


Inertia. 


qf OyraHon. 


Inches. 


Axis A. B. 


Axis an. 


Axis A. B. 


Axu 
CD. 


24 


240B 


23.53 


80 


2111.40 


42.84 


89.73 


1.82 


24 


241B 


24.99 


85 


2181.67 


44.14 


87.30 


1.77 


24 


242B 


26.47 


90 


2356.76 


54.38 


89.07 


2.06 


24 


243B 


27.92 


95 


2427.03 


55.93 


86.93 


2.00 


24 


244B 


29.42 


100 


2497.30 


57.53 


84.88 


1.96 


20 


200B 


19.10 


65 


1179.71 


27.72 


61.76 


1.45 


20 


201B 


20.58 


70 


1229.04 


28.87 


59.72 


1.40 


20 


202B 


22.04 


75 


1277.71 


30.05 


57.97 


1.36 


20 


203B 


23.53 


80 


1404.39 


38.84 


59.69 


1.65 


20 


204B 


25.01 


85 


1453.06 


40.33 


58.10 


1.61 


20 


205B 


26.47 


90 


1501.73 


41.88 


56.73 


1.58 


20 


206B 


27.95 


95 


1601.86 


53.63 


57.31 


1.92 


20 


207B 


29.42 


100 


1649.55 


55.57 


56.07 


1.89 


18 


180B 


16.13 


55 


809.05 


21.17 


50.16 


1.31 


18 


181B 


17.64 


60 


849.88 


22.22 


48.18 


1.26 


18 


182B 


19.12 


65 


889.73 


23.30 


46.53 


1.22 


18 


183B 


20.59 


70 


981.72 


30.23 


47 68 


1.47 


18 


184B 


22.05 


75 


1023.52 


31.67 


46.42 


1.44 


18 


185B 


23.53 


80 


1063.37 


33.12 


45.19 


1.41 


18 


186B 


. 25.00 


85 


1149.62 


44.18 


45.98 


1.77 


18 


187B 


26.46 


90 


1187.99 


46.03 


44.90 


1.74 


15 


150B 


12.35 


42 


443.71 


14.43 


35.93 


1.17 


15 


151B 


13.23 


45 


460.30 


14.97 


34.79 


1.13 


15 


I52B 


14.70 


50 


515.22 


19.20 


35.05 


1.31 


15 


153B 


16.17 


55 


542.84 


20.34 


33.57 


1.26 


15 


154B 


17.64 


60 


619.02 


27.60 


35.09 


1.56 


15 


155B 


19.11 


65 


646.58 


29.13 


33.83 


1.52 


15 


156B 


20.60 


70 


718.71 


36.73 


34.89 


1.78 


15 


157B 


22.05 


75 


745.99 


38.64 


33.83 


1.75 


15 


158B 


23.54 


80 


773.84 


40.69 


32.87 


1.73 


12 


120B 


9.27 


31.5 


218.71 


9.45 


23.5d 


1.02 


12 


121B 


10.29 


35.0 


230.95 


10.01 


22.44 


0.97 


12 


122B 


11.77 


40.0 


274.68 


14.26 


23.34 


1.21 


12 


123B 


13.23 


45.0 


292.25 


15.41 


22.09 


1.16 


12 


124B 


14.70 


50.0 


332.08 


20.79 


22.59 


1.41 


12 


125B 


16.17 


55.0 


368.06 


25.12 


22.76 


1.55 


12 


126B 


17.64 


60.0 


385.77 


26.96 


21.87 


1.53 


12 


127B 


19.12 


65.0 


403.48 


28.93 


21.10 


1.51 
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ELEMENTS OF PENCOTD BElAJtIS. 



i^ 




Xt 


xn. 


xra. 1 


XIT. 


XV. 


IV. 


— 




EtHst- 


SafcLoaa 


ai,!SIct™*>ri>5rt««on. 


s, 


Weight 


^ 






Aiii 


ksa 








in 


In. 


A.S. 


CD. 


A.B. 


Itou. 


Load. 


Lood. 


■ 


Lii. 




9.47 


1.35 


176,0 


938.4 


Koxxne 


00000122 


75.8 


80.0 


24 


9.34 




181.8 


969.6 


00000073 


00000117 


97.0 


85.0 


24 


9.44 


1.44 


196.4 


1047.4 


00000068 


OOOOOIOO 


96.6 


90,0 


24 


9,32 


1.41 


202.3 


1078.7 


00000066 


00000106 


119,4 


95,0 


24 


9.21 


1.40 


208.1 


1109.0 


00000064 


00000103 


143,4 


100.0 


24 


7.86 


1.20 


118.0 


629.2 


00000137 


00000217 


74.2 


65,0 


20 


7.73 


1.18 


122.9 


655.5 


00000130 


00000209 


98.2 


70,0 


20 


7.61 


.17 


127.8 


681.5 


00000125 


00000200 


123,0 


75,0 


20 


7.73 


.28 


140.4 


749.0 


00000114 


00000183 


120,6 


80.0 


20 


7.62 


.27 


45.3 


775.0 


00000110 


00000176 


146.2 


85,0 


20 


7.53 


1.28 


50.2 


800.9 


00000106 


00000171 


173.6 


90,0 


20 


7.57 


.39 


60.2 


B64.1 


OOOOOIOO 


00000160 


158,6 


95,0 


20 


749 


.37 


65.0 


889.8 


00000097 


00000155 




100.0 


20 


7.08 


.14 


89.9 


479,4 


00000198 


00000317 


656 


55.0 


18 


6.94 


.12 


94.4 


503,6 


OO00OI8B 


00000302 


00.6 


60.0 


18 


6.82 


.10 


08.9 


527,3 


00000180 




116.2 


65,0 


18 


6.91 


.21 


109,1 


581,8 


00000162 


00000281 


114.4 


70,0 


18 


6.81 


.20 


113-7 


606,5 


00000156 


00000250 


141.8 


75,0 


18 


8.72 


.19 


118.2 


630.2 


00000150 


00000241 


168.4 


80,0 18 


6.78 




127.7 




00000139 


X)000223 


152,0 


85,0 18 


6.70 


1^32 


132.0 


712!9 


00000135 




178,2 


90,0 j 18 


5.99 


1.08 


59,2 


315.5 


00000357 


00000578 


47.6 


42,0 ' 15 


5.90 


1-06 


61,4 


327,3 


M00034S 


00000557 


62.4 


45,0 15 


5.92 


1.14 


68,7 


366.4 




00000498 


70.2 


60,0 


15 


5.79 


1.12 


72,4 


386,0 




00000472 


98.2 


550 


15 


5.92 


125 


82,5 


440,2 


00000258 


00000414 


89.4 


60,0 


15 


5.82 


1.23 


86,2 


459.8 


X)00O247 


00000397 


115,6 


65,0 


15 


6.91 


1.33 


95,8 


511,1 




00000357 


109.8 


70,0 


15 


5.82 


1.32 


99.5 


530,5 


30000214 


00000344 


136.0 


75,0 


15 


5.73 


1.32 


103.2 


550.3 




00000331 


162.6 


80,0 


15 


4.86 


1.01 


38.5 




0000O7Z7 


00001172 


35,6 


31,5 


12 


4.74 


0.99 


38,5 


2n5!3 


00000693 


00001110 


53.2 


35,0 


12 


4.83 


1.10 


45,8 


244,2 


00000582 


00000933 


52.2 


40,0 


12 


4.70 


1.08 


48,7 


259.8 


00000547 


00000877 


78.4 


45,0 


12 


4.75 


1.19 


55.4 


295,2 


00000482 


00000772 


80,2 


50-0 


12 


4.77 


1.25 


61,3 


327.2 


00000435 


00000697 


81.8 


55.0 


12 


4.68 


1-24 


64.3 


g? 


00000415 


00000665 


108.4 


60,0 


12 


4.59 


1.33 


67.3 


00000397 


00000635 


134.4 


65,0 


12 



ELEMENTS OF PENCOYD BEAMS. 

A 




I. 


n. 


Size 


Section 


Inches. 


Number. 


10 


lOOB 


10 


lOlB 


10 


102B 


10 


103B 


9 


90B 


9 


91B 


9 


92B 


9 


93B 


8 


80B 


8 


81B 


8 


82B 


8 


83B 


7 


70B 


7 


71B 


7 


72B 


6 


60B 


6 


61B 


6 


62B 


6 


68B 


6 


68B 


5 


SOB 


5 


51B 


5 


52B 


4 


40B 


4 


41B 


4 


42B 


4 


43B 


3 


30B 


3 


31B 


3 


32B 



ni. 



Area 

in 
Square 
Inches. 



7.34 

8.82 

10.27 

11.75 

6.17 

7.34 

8.82 

10.30 

5.29 
6.03 
6.77 
7.50 

4.42 
5.15 
5.88 

3.60 
4.34 
5.07 

7.03 

to 

8.15 

2.87 
3.60 
4.34 

2.20 
2.50 
2.79 
3.08 

1.62 
1.91 
2.20 



IV. 



Weight 

per 

Pool 

in 

Lbs. 



25.00 
30.00 
35.00 
40.00 

21.00 
25.00 
30.00 
35.00 

18.00 
20.50 
23.00 
25.50 

15.00 
17.50 
20.00 

12.25 
14.75 
17.25 

23.90 

to 
27.70 

9.75 
12.25 
14.75 

7.50 

8.50 

9.50 

10.50 

5.50 
6.50 
7.50 



V. 



VL 



Moments (if 
Inertia^ 



Axis 
A.B. 



123.07 
135.41 
163.14 
175.48 

84.94 

92.83 

102.80 

112.76 

57.36 
61.29 
65.21 
69.14 

36.61 
39.58 
42.55 

22.09 
24.28 
26.50 

41.98 

45.36 

12.12 
13.66 
15.18 

5.90 
6.29 
6.68 
7.07 

2.43 
2.64 
2.87 



Atis 
CD. 



i 



6.81 

7.58 

11.19 

12.36 

5.06 
5.60 
6.37 
7.25 

3.72 
4.02 
4.35 
4.70 

2.64 
2.90 
3.20 

1.83 
2.06 
2.34 

7.89 

8.99 

1.21 
1.42 
1.67 

0.76 
0.83 
0.91 
1.00 

0.45 
0.51 
0.59 



vn. vin 



Square tif Badius 
of OyraiUm. 



Axis 
A.B. 



16.77 
15.35 
15.89 
14.93 

13.77 
12.65 
11.66 
10.95 

10.84 

10.16 

9.63 

9.22 

8.28 
7.69 
7.24 

6.14 
5.59 
5.23 

5.97 

5.57 

4.22 
3.79 
3.50 

2.68 
2.52 
2.39 
2.30 

1.50 
1.38 
1.30 



Axis 

an. 



0.93 
0.86 
1.09 
1.05 

0.82 
0.76 
0.72 
0.70 

0.70 
0.67 
0.64 
0.63 

0.60 
0.56 
0.54 

0.51 
0.48 
0.46 

1.12 

1.10 

0.42 
0.40 
0.39 

0.34 
0.33 
0.33 
0.32 

0.28 
0.27 
0.27 
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CLEMENTS OF PENCOYD BEAMS. 

A 



n 



if 



■^ 
h 



J] 



-D 



IX. 



X. 



Radius of 
Gyration. 



Axis 
A.B. 

TTo" 

3.92 
3.99 
3.86 

3.71 
3.56 
3.41 
3.31 

3.29 
3.19 
3.10 
3.04 

2.88 
2.77 
2.69 

2.48 
2.36 
2.29 

2.44 
2.36 

2.05 
1.95 
1.87 

1.64 
1.59 
1.55 
1.52 

1.23 
1.17 
1.14 



Axis 
CD. 



0.96 
0.93 
1.04 
1.03 

0.91 
0.87 
0.85 
0.84 

0.84 
0.82 
0.80 
0.79 

0.78 
0.75 
0.74 

0.71 
0.69 
0.68 

1.06 

1.05 

0.65 
0.63 
0.62 

0.58 
0.57 
0.57 
0.57 

0.53 
0.52 
0.52 



XI. 



Resist- 
ance. 



Axis 
A.B. 



xn. 



OiKif.for 

Oreatest 

SafeLoad 

in Net 

Tons. 



XIII. 



XIV. 



Cbefficient for Deflection. 



Distributed 
Load. 



24.6 
27.1 
32.6 
35.1 


131.3 
144.4 
174.0 
187.2 


18.9 
20.6 
22.8 
25.1 


100.7 
110.0 
121.8 
133.6 


14.3 
15.3 
16.3 
17.3 


76.5 
81.7 
87.0 
92.2 


10.5 
11.3 
12.2 


55.8 
60.3 
64.8 


7.4 
8.1 
8.8 


39.3 
43.2 
47.1 


14.0 


74.6 


15.1 


80.6 


4.9 
5.5 
6.1 


25.9 
29.1 
32.4 


3.0 
3.2 
3.3 
3.5 


15.7 
16.8 
17.8 
18.9 


1.6 
1.8 
1.9 


8.6 

9.4 

10.2 



.0000129 
.0000118 
.0000098 
.0000091 

.0000185 
.0000172 
.0000156 
.0000142 

.0000275 
.0000261 
.0000245 
.0000231 

.0000433 
.0000404 
.0000376 

.0000717 
.0000659 
.0000604 

.0000370 
.0000342 

.0001305 
.0001171 
.0001054 

.0002671 
.0002544 
.0002395 
.0002263 

.0006452 
.0006061 
.0005575 



Center 
Load. 



.0000208 
.0000189 
.0000158 
.0000146 

.0000302 
.0000276 
.0000249 
.0000227 

.0000447 
.0000418 
.0000393 
.0000371 

.0000700 
.0000648 
.0000603 

.0001161 
.0001056 
.0000968 



.0000547 

.0002115 
.0001877 
.0001689 

.0004346 
.0004076 
.0003838 
.0003627 

.0010552 
.0009713 
.0008934 



XV. 


IV. 


Max. 

Load 

in Net 

Tons. 


Weight 
per 
%ot 

in Lbs. 



I. 



27.0 
53.2 
52.4 
78.8 

21.2 
41.8 
68.2 
93.8 

19.4 
32.6 
45.8 
58.8 

17.2 
30.2 
43.2 

13.8 
27.0 
39.8 



.0000591 30.8 



50.2 

110 
24.2 
36.8 

8.2 
13.4 
18.4 
23.4 

5.4 
10.6 
15.6 



25.00 
30.00 
35.00 
40.00 

21.00 
25.00 
30.00 
35.00 

18.00 
20.50 
23.00 
25.50 

15.00 
17.50 
20.00 

12.25 
14.75 
17.25 

23.90 

27.70 

9.75 
12.25 
14.75 

7.50 

8.50 

9.50 

10.50 

5.50 
6.50 
7.50 



Size 

in 

Ins. 

10 
10 
10 
10 

9 
9 
9 
9 

8 
8 
8 
8 

7 
7 
7 

6 
6 
6 

6 

6 

5 
5 
5 

4 
4 
4 
4 

3 
o 

I .? 



I8r> 



ELEMENTS OF PENCOYD CHANNELS. 



15 ison 

15 151( ' 

15 isa.: 

15 153(: 

15 154C 

15 155C 

13 ] 130C 



IS 


^7rlO 




i?ir 


in 


itf,fl! 


in 


r,^;*; 




124(J 







10,29 


;i'.( 


11.76 


4n( 






14.70 


nil 


16.17 


bb.O 


9.39 


31.9 


14.27 


48.5 


6.02 


Jins 


7,34 


Vhl 




V)l 


10.30 


Hni 


11,76 


4U.U 

ma 


9.40 


A 


4.41 


15 


5,88 


■^)( 


7,36 


V!'' 


3,83 




10.29 


3b,U 


3 89 


1^.? 


4.41 


IM 


5.aa 


mi 








2U3 


8!23 


28,0 


3,31 


11? 




i;v 






5.51 


IH' 


6.25 


21Ji 



377.59 I 10.29 
■ 442.29 15.B7 
469.85 17.20 

I 238.26 , 11.48 

306,25 16 22 



29.76 ; 0.80 I 5,46 ' 0.8£ 

28.54 0.78 5,34 0,8E 

30.09 1 08 5.49 , l.W 

29.06 I 1.06 I 5.39 j 1.03 

2S.38 ■' 1.22 I 5.04 l.U 



13.46 . 0,59 4.30 0.77 



ELEMENTS OF PENCOYD CHANNELS. 

A 



■,. J--a--l ._. 



-otA 



B 



XI. 


XII. 


xra. 


XIV. 


XV, 


XVI. 


I. 


Distance 
firom 


Besist- 
anee. 


Greatest 

Safe Load 

in Net 

Tons. 


Coefficient fi 


w Deflection. 


Ufax. 
Load in 

Net 
Tons. 


Size 


Biueto 

Neutral 

Axis. 


Axis 
A.B, 


Distributed 
Load, 


Center 
Load. 


tn' 
Ins. 


0.79 


41.5 


221.3 


.00000514 


.00000826 


450 


15 


0.78 


43.0 


229.3 


.00000496 


.00000796 


54.8 


16 


0.78 


46.7 


248.9 


.00000457 


.00000734 


80.0 


15 


t).78 


50.4 


268.5 


.00000424 


.00000681 


106.2 


15 


0.94 


59.0 


314.5 


.00000362 


.00000581 


109.0 


15 


0.95 


62.7 


334.1 


.00000340 


.00000546 


135.4 


15 


1.01 


36.7 


195.5 


.00000651 


.00001042 


43.4 


13 


0.97 


47.1 


251.3 


.00000507 


.00000811 


130.0 


13 


0.70 


21.6 


114.9 


.00001237 


.00001986 


23.4 


12 


0.67 


24.2 


129.0 


.00001103 


.00001771 


450 


12 


0.67 


27.1 


144.7 


.00000963 


X)0001678 


71.4 


12 


0.89 


34.6 


184.6 


.00000770 


.00001236 


69.4 


12 


0.89 


37.5 


200.2 


.00000710 


.00001140 


95.6 


12 


0.62 


20.7 


110.2 


.00001290 


.00002072 


24.2 


12 


0.62 


27.4 


146.0 


.00000974 


.00001564 


82.4 


12 


0.64 


13.4 


71.6 


.00002384 


.00003838 


16.4 


10 


0.60 


15.9 


84.7 


.00002016 


.00003246 


41.2 


10 


0.71 


20.0 


106.8 


.00001598 


.00002573 


54.8 


10 


0.73 


22.5 


119.9 


.00001424 


.00002293 


81.0 


10 


0.76 


24.9 


132.9 


.00001284 


.00002067 


106.8 


10 


0.60 


10.6 


56.8 


.00003341 


.00005379 


15.6 


9 


0.59 


11.4 


60.9 


.00003116 


.00005017 


24.2 


9 


0.68 


14.9 


79.4 


.00002389 


.00003846 


39.6 


9 


0.69 


17.1 


91.2 


.00002080 


.00003349 


66.2 


9 


0.74 


15.6 


83.2 


.00002210 


.00003536 


39.0 


9 


0.75 


19.0 


101.2 


.00001817 


.00002907 


79.0 


9 


0.57 


8.1 


43.4 


.00004921 


.00007923 


13.6 


8 


0.55 


9.1 


48.6 


.00004392 


.00007071 


26.4 


8 


0.65 


11.0 


58.7 


.00003636 


.00005854 


30.8 


8 


0.65 


12.0 


63.9 


.00003338 


.00005374 


44.0 


8 


0.66 


13.0 


69.1 


.00003086 


.00004968 


67.0 


8 



l\ii 



EI-EMENT8 OF PENCOYD CHANNELS. 



iJ:." 



0.98 ! 7.47 I 0.34 



13.07 
16,H3 
18.43 



25 

53 
64 
55 


0,35 
0.35 
0.34 
1,17 
1.16 


i 

2 


29 
36 


0.59 
0.59 
0.59 
1.08 
1.08 


37 
09 


0.2S 
0,24 


i!s4 

1.76 


0,50 
0.49 
0.49 


43 
24 
12 


0.21 
0.21 
0.31 


1.56 
1.60 
1.46 


0.45 
0.45 
0.46 


36 
24 
16 


0,17 
0.17 


1-17 
l.Il 
1.07 


0.41 
0.42 
0.42 


71 


0.17 


0.85 


0.42 


.51 


0.10 
0.10 


0.74 
0.71 


0.31 
0.32 


46 


0.03 


0.67 


0,16 



ELEMENTS OF PENCOYD CHANNELS. 

A 



I 



I 



-I- 



Jl 



I 
I 

B 



..ii'> 



XL 


xn. 


xm. 


XIV. 


XV. 


XVI. 


I. 


Distance 

from 

Base to 

Neutral 

Axis, 


Bests- 
tanee. 


Greatest 

Safe 

Load 

in 

Net Tons. 


Coefficient for Diction. 


Maxim. 

Load 

in 

Net 

Idns. 


Size 

an 


Axis 
A,B. 


Distributed 
Load, 


Centre 
Load. 


%n 
Inches. 


0.54 
0.52 
0.62 
0.63 
0.65 


6.1 
7.0 
8.5 
9.4 
10.2 


32.6 
37.1 
45.5 
50.1 
54.6 


sxxxn^sn 

.00006565 
.00005360 
.00004870 
.00004463 


.00012054 
.00010570 
.00008630 
.0000'/841 
.00007185 


13.2 
264 
32.0 
45.2 
57.8 


7 
7 
7 
7 
7 


0.51 
0.56 
0.57 
0.59 
1.07 
1.06 


4.4 
5.4 
6.1 
6.9 
8.4 
9.2 


23.2 
28.9 
32.8 
36.7 
44.7 
49.0 


.00012242 
.00009858 
.00008681 
.00007752 
,00006170 
.00005570 


.00019709 
.00015871 
.00013976 
.00012481 
.00009872 
.00008915 


10.8 
20.0 
330 
45.8 
28.2 
34.8 


6 
6 
6 
6 
6 
6.06 


0.49 
0.48 
0.50 


3.0 
3.6 
4.2 


15.7 
19.0 
22.3 


.00021710 
.00017977 
.00015340 


.00034953 
.00028943 
.00024697 


9.2 
22.2 
21.4 


5 
5 
5 


0.46 
0.45 
0.46 


1.9 
2.1 
2.3 


10.0 
11.0 
12.1 


.00042781 
.00038741 
.00035398 


.00068877 
.00062373 
.00056991 


8.2 
13.4 
18.4 


4 
4 
4 


0.43 
0.43 
0.45 


1.1 
1.2 
1.4 


5.7 
6.5 
7.3 


.000993'/'/ 
.00087432 
.00078050 


.00159997 
.00140765 
.00125660 


6.0 
11.0 
16.0 


3 
3 
3 


0.47 


0.7 


3.8 


.00200000 


.00322000 


8.6 


2\ 


0.36 
0.37 


0.5 
0.5 


2.6 
2.9 


.00333333 
.00296980 


.00536666 
.00478138 


6.6 
9.6 


2 
2 


0.18 


0.2 


0.9 


.01066672 


.01717342 


2.0 


1\ 



193 



SEPARATION OP CHAiryELS IN LATTICED 
STRUTS. 



"D" DiRfcsndilorgyi 
■una far bolb mx«. 



Uon th. , U-D—^ [ 



11 


1 


^ 


„S" 


1 


1 




1 


'■^i^y 


1 


1 


4 

i 


I 


1" 


s 




E 


11 


■5 

1 




t 


S 


150C 


15 


33.0 


9,69 


959 


12 


75 


70C 


7 


9.75 2.86 


4.26 


6.42 


ISlC 


15 


35.0 


10.29 


9.i9 


12 


61 


710 


7 


12.26 ' a60 


4.03 


6.11 


162C 15 


40.0 


11,76 


9,20 


12 


32 


720 


7 


14,75 , 4.34 


3.83 


6.32 


153C 15 


45.0 


13.23 


8.96 


12 


10 


73C 


7 


17.25 5.07 


3.66 


6.18 


154C|I5 


50.0 


14.70 


8.89 


12 


65 


74C 




19.75 5.81 


3.49 


6.09 


I65C'15 


55.0 


18.17 


8.68 


12 


48 














130C 13 


31,9 


9,39 


7,80 


11 


34 


eoc 


6 


8.00 


2.35 


3,58 


S.62 


120C 13 


48.5 


14.27 


7.08 


10 


96 


61C 


6 


10.50 


3.09 


3.31 


5,55 


120C ! IE laO-S 


B.D2 


7.73 


10 


52 


63C 


6 


13,00 


3.82 


3.09 


5.37 


121C U '25.0 


7.34 


7.41 


10 


09 


69C 


6 


15.50 


4.56 


2.91 


5.27 


III 


lo!30 
11.76 


7.11 

b;76 


! 
11 


79 
56 
33 


e5C B 'l5,10 
66C 1 6 ;i7.10 


4.46 
5.02 


2.09 
2.02 


6.37 
6.25 


128C 


12 ;20.5 


6,01 1 7.73 


10 


21 


50C ■ 5 6.50 


1.91 


2,82 


4.78 


128t" 


12 |32.0 


940 7.00 


g 


49 


51C 


5 1 9,00 


2,64 


2,58 


4.50 












620 


5 11-50 


3.38 


2.37 


4.31 


lOOC 


10 'l5.0 


4.41 6.39 


8 














loic 

102C 


10 '20.0 
10,25-0 


5,88 6.01 
7,36 5.81 


8 
8 


42 
65 


40C 
410 


4 

4 


5.25 
625 


1.54 
1.84 


2.06 
1,96 


ago 

3.76 


103C 
UMC 


10 """ 
10 


JO.D 
K-0 


8.83 5.51 
10.28 |5,Z7 


8,43 
8.31 


*2C 


4 


7.25 


3.13 


1.85 


a70 


90C 


9 


13.25 


3-89 ' 5.68 


8,08 


300 


3 


4.00 


118 


1.32 


105 


91C 


9 


15.00 


4.41 5.52 




310 




5.0O 


1:47 


1.21 


2,93 


920 




20.00 


5.88 '5.23 


7^95 


32C 


3 


e.oo 


1.76 


1,09 


2.89 


93C 


9 


25.00 


7.3S 14.92 


7.68 














95C 


9 20.30 


5.88 5.18 


8.14 


220 


2* 


3,80 


1.12 


0.54 


2.42 


95C 


9)28.00 


8.23 4.74 


7.14 












eoc 


8 


11.25 


3.31 S.00 


7-38 


20C 


2 


2.90 


0,87 


0.64 


3.08 


81C 


e 

8 


13.75 
16.25 


4.04 4,78 


7^20 


20C 


2 


3.60 


i.oe 


0.54 


2.02 


ex 




18.75 


sisi ;4!43 


7.03 














m:, ^ 


21.25 


6.25 14.27 


6.9) 


17C 


11 


1.13 


0.2s 


^ 


1.66 



ELEMENTS OF Z BAR COLUMNS. 



/— Ham.oriDOrtk. 



it— Bad. of Grntioo. 




ELEMEirrS OF PKN^€OYI> Z BABS. 



m 



I y 



■r 



I 
I 

I 

r 

I 

< 



Stc. 
No. 



Size in Inches. 



56Z 
57Z 

60Z 
61Z 
62Z 






66Z 
67Z 
68Z 




x4 x2|^xt^ 
X 4^ X 3jj X ^ 
x4^x3^Xt% 

x4 x3Ax% 
x4\x3^xi| 



x4J^x3Ax^ 

X 5 X 3 A x A 

X 5 A X 3^ X % 
x5^fex3|^x^ 

x5 x3^xi;tj 

x5 x3^x^ 
X 5^ X 3^ X ^ 

x6 x3i,^x% 

X 6A X 3 A X j^ 
xS'^xS'^x^ 

X 6 tZ^-lA 
x3Ax% 
x3^xii 

x3^x% 

x3Axi| 

x3%x7/8 




Area 

in 

Sq. 

Ins. 



1.94 
2.44 
2.94 

3.25 
3.51 
3.75 

2.32 
2.91 
3.52 

3.96 
4.56 
5.16 

5.55 
6.14 
6.75 

3.36 
4.05 
4.75 

5.23 
5.91 
6.60 

6.96 
7.64 

4.59 
5.39 
6.19 

6.68 
7.46 
8.25 

8.64 

9.38 

10.16 



WL 

per 

Foot 

in 

Lbs. 



6.60 

8.29 

10.00 

11.15 
11.93 
12.75 

7.88 

9.89 

11.90 

13.46 
15.50 
17.54 

18.80 
20.87 
22.95 

11.42 
13.77 
16.15 

17.78 
20.09 
22.44 

23.66 
25.97 

15.61 
18.32 
21.05 

22.71 
25.36 
28.05 

29.37 
31.89 
34.54 
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JIfomenU <^ 
Inertia. 



Axis 
A.B. 

2.81 
3.52 
4.34 

4.20 
4.54 
4.88 

5.95 
7.52 
9.14 

9.40 
10.92 
12.40 

12.11 
13.52 
14.97 

13.14 
15.93 
18.76 

19.03 
21.65 
24.33 

23.68 
26.16 

25.32 
29.80 
34.36 

34.64 
38.86 
43.18 

42.12 
46.13 
50.22 



Axis 
C. D. 



2.61 
3.38 
4.22 

4.24 
4.64 
5.04 

3.47 
4.49 
5.58 

6.09 
7.21 
8.40 

8.73 

9.95 

11.24 

5.81 
7.20 
8.67 

8.77 
10.19 
11.70 

11.37 
12.83 

9.11 
10.95 
12.87 

12.59 
14.42 
16.34 

15.44 
17.27 
19.18 



Axis 
B. F. 



0.59 
0.74 
0.92 

0.95 
1.01 
1.11 

0.95 
1.23 
1.53 

1.63 
1.94 
2.27 

2.32 
2.67 
3.03 

1.86 
2.28 
2.75 

2.76 
3.20 
3.73 

3.59 
4.12 

3.11 
3.74 
4.37 

4.37 
4.92 
5.66 

5.61 
6.16 
6.85 



Besistanee. 



Axis 
A.B. 



Axis 

a D. 



1.9 
2.3 
2.8 

2.8 
3.0 
3.2 

3.0 
3.7 
4.4 

4.7 
5.4 
6.0 



9.5 
10.3 

8.4 

9.8 

11.2 

11.6 
12.8 
14.1 

14-0 
15.2 
16.4 



1.0 
1.3 
1.7 

1.7 
1.9 
2.0 

1.3 
1.6 
2.0 

2.2 
2.6 
3.0 



6.1 


3.2 


6.7 


3.6 


7.3 


4.0 


5.3 


1.9 


6.3 


2.4 


7.3 


2.8 


7.6 


ao 


8.6 


3.4 


9.5 


3.9 



3.9 
4.4 

2.8 
3.3 
3.8 

3.9 
4.4 
5.0 

4.9 
5.5 
6.0 



£L£M£irrS OP PEKCOYD Z BARS. 



m 



y 



— D 



Badii (nf OyraHon, 


Co^. in Net Tons for 
Qreatest Safe Load Dis. 


Oo^. for Deflection 
About Axis A. B. 


Max. 

T/Hid 

in 

Net 

Tkms. 


Sec 


ArU 
A.B. 


AxiM 
CD. 


Least. 
Axis 
E.F. 


Fibre 

Sireu 

16fi00 lbs. 


Fibre 

Streu 

li.OOO lbs. 


Distrib- 
uted. 


Ckntre. 


No. 


1.20 
1.20 
1.21 


1.16 
1.18 
1.20 


0.65 
0.55 
0.56 


10.0 
12.3 
14.8 


7.5 

9.2 

11.1 


.0005694 
.0004545 
.000368*/ 


.0009167 
.0007317 
.0005937 


11.0 
14.4 
18.0 


30Z 
31Z 
??7t 


1.13 
1.14 
1.14 


1.14 
1.15 
1.16 


0.54 
0.54 
0.55 


14.9 
16.0 
17.0 


11.2 
12.0 
12.8 


.0003809 
.0003524 
.0003279 


.0006132 
.0005674 
.0005279 


20.4 
22.2 
24.0 


33Z 
34Z 
35Z 


1.60 
1.61 
1.62 


1.22 
1.24 
1.26 


0.64 
0.65 
0.66 


15.9 
19.7 
23.6 


11.9 
14.8 
17.7 


.0002689 
.0002128 
.0001750 


.0004329 
.0003426 
.0002817 


13.6 
18.2 
23.0 


40Z 
41Z 
42Z 


1.54 
1.55 
1.55 


1.24 
1.27 
1.28 


0.64 
0.65 
0.66 


25.1 
28.7 
32.1 


18.8 
21.5 
24.1 


.0001702 
.0001465 
.0001290 


.0002740 
.0002359 
.0002077 


26.6 
31.2 
,35.8 


43Z 
44Z 

45Z 


1.48 
1.48 
1.49 


1.26 
1.27 
1.29 


0.65 
0.66 
0.67 


32.3 
35.5 
38.7 


24.2 
26.6 
29.0 


.0001321 
.0001183 
.0001069 


.0002127 
.0001905 
.0001721 


39.0 
43.6 
48.6 


46Z 
47Z 
48Z 


1.96 
1.96 
1.90 


1.32 
1.33 
1.35 


0.74 
0.75 
0.76 


28.0 
33.6 
39.1 


21.0 
25.2 
29.3 


.0001218 
.0001005 
.0000853 


.0001961 
.0001618 
.0001373 


21.4 
27.0 
32.8 


50Z 
51Z 
52Z 


1.91 
1.91 
1.92 


1.30 
1.31 
1.33 


0.73 
0.74 
0.75 


40.6 
45.6 
50.6 


30.5 
34.2 
38.0 


.0000841 
.0000739 
.0000658 


.0001354 
.0001190 
.0001059 


37.6 
43.2 
49.0 


53Z 
54Z 
55Z 


1.84 
1.85 


1.28 
1.30 


0.72 
0.73 


50.5 
55.1 


37.9 
41.3 


.0000676 
.0000612 


.0001088 
.0000984 


53.2 
59.0 


56Z 
57Z 


2.35 
2.35 
2.36 


1.41 
1.43 
1.44 


0.82 
0.83 
0.84 


45.0 
52.4 
59.8 


33.8 
39.3 
44.9 


.0000632 
.0000537 
.0000466 


.0001017 
.0000864 
.0000750 


30.8 
37.6 
44.6 


60Z 
61Z 
62Z 


2.28 
2.28 
2.29 


1.37 
1.39 
1.41 


0.81 
0.81 
0.83 


61.6 
68.4 
75.2 


46.2 
51.3 
56.4 


.0000462 
.0000412 
.0000370 


.0000744 
.0000663 
.0000596 


50.2 
57.0 
64.0 


63Z 
64Z 
65Z 


2.21 
2.22 
2.22 


1.34 
1.36 
1.37 


0.81 
0.81 
0.82 


74.9 
81.2 
87.5 


56.2 
60.9 
65.6 


.0000380.0000612 
.0000347.0000559 
.0000319.0000513 


69.0 
76.0 
83.0 


66Z 
67Z 
68Z 
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KLEMENTS OP PENCOYD DECK BEAMS. 



•fc 



.1 



^-0 



I. 


II. 


ni. 


rv. 


V. 


VL 


VIL 


YUL 


IX. 1 X. 








HVifflU 


Stomt 


-.(.tf 


rr 


a' 


«*««,(/ 




Sscrim 


iz. 


C. 


i«r 




Oy™ 




Im. 




















Lti. 


A.B. 


r,D- 


A.B. 


C.B. 




CD. 


11^ 


HOD 


9.51 


32.2 


179.33 


6.36 


18-86 


0,67 


iM 


om 


ll? 


116D 


13.41 


45.6 


224-19 


8-14 


16.72 


0.61 


4.09 


0.7B 


1(1 


lOOD 


8-20 


28.0 


118.55 


6,08 


14-46 


74 


3m 


nnfl 




105U 


11,32 


38.6 


14S.77 


7.54 


12.88 


0-67 


3-59 


0.82 


q 


90D 


■JV. 


25.0 


84.99 


4.85 


11.58 


nm 


340 


(181 


a 


941) 


9.80 


32.6 


100-68 


"» 


10.49 








f, 












9.36 


flfifl 


3«i 




a 


BSD 


8.43 


28.6 


70.19 


4.44 


8,33 


0,53 


nay 


0.'/3 


7 


70D 


5.32 


18.0 


36-99 


2.56 


6-95 


048 


2.ft4 


069 


V 


75D 


7.29 


34.5 


45.32 


3.26 


6.22 


0.45 


1!.49 


0.67 


fl 


eon 


4.27 


14.5 


21.83 


1.62 


5.11 


038 


326 


0(W 


G 


64D 


5.77 


19.6 


26.50 


2.07 


4.59 


U-* 


2.14 


o.eo 


s 


SOD 


3.39 


115 


U.96 


1.01 


3-S3 


(13(1 


IfW 


(IW 


s 


55D 


4.64 


15,8 


14.64 


1.29 


3.16 


0.2B 


L78 


U.ij3 



ELEMENTS OF PEXCOYD DECK BEAMS. 

[\ t 



XL 


xn. 


XIII. 


XIV. 


XV. 


XVI. 


xvn. 


XV 111 


II. 


Ee- 

Hatr- 


Add to 
BeHst. 


Great. 


Add to 
Prev's 


Coefficient for De- 
flection. 


Max. 


Dist. 




ance. 


foreach 
Add'l 


Safe 
Load 


'^r 


Load 
in Net 


from 
Base to 


Section 
No. 








Axis 


Pound 


in Net 


Pound 


Disirib'd 


Centre 


Tons. 


Neut. 




A.B. 


per Ft. 


Tons. 


per Ft. 


Load. 


Load, 




Axis 




27.9 


0.60 


148.7 


3.22 


.0000089 


.0000143 


48.6 


5.07 


HOD 


36.0 


0.60 


191.9 


3.22 


.0000071 


.0000114 


119.4 


5.2/ 


HOD 


aOT 


0.54 


110.5 


286 


.0000135 


•0000217 


40.8 


4.28 


lOOD 


26.4 


0.54 


140.8 


2.86 


.0000107 


.0000172 


96.4 


4.48 


lOOD 


16.7 


0.48 


88.9 


2.55 


.0000188 


.0000303 


39.0 


3.90 


90D 


20.3 


0.48 


108.3 


2.55 


.0000159 


.0000256 


79.0 


4.04 


90D 


12.8 


0.43 


68.1 


2.28 


.0000277 


.0000446 


32.4 


3.48 


80D 


16.0 


0.43 


iib.b 


2.28 


.0000228 


.0000367 


72.2 


3.62 


80D 


9.3 


0.38 


49.8 


2.02 


.0000132 


.0000695 


30.2 


3.04 


70D 


11.8 


0.38 


62.9 


2.d2 


.0000352 


.0000568 


64.6 


3.16 


70D 


6.4 


0.32 


34.3 


1.69 


.OOOOTcS 


.0001180 


240 


2.61 


60D 


8.1 


0.32 


43.0 


1.69 


.0000604 


.0000972 


50.2 


2.71 


60D 


4.3 


0.26 


22.9 


1.39 


.0001337 


.0002147 


21.4 


2.22 


50D 


5.4 


0.26 


28.9 


1.39 


.0001093 


.0001755 


42.8 


2.30 


50D 



I. 



Siee 

in 

Ins. 



11^ 



10 
10 



9 
9 



8 
8 



7 
7 



6 
6 



5 
5 
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ELEMENTS OP PENCOYD BULB ANGLES. 



«44 



£^3:: 



-77 


n. 

&«. 

ITOA 
lOOA 

90A 
90A 

80A 
BOA 

70A 
70A 

60A 

eOA 

50A 
50A 


7.70 
11,24 

6.74 
B.58 

5.63 
7.77 

4.79 
H.41 

3.91 
5.24 

2.97 
3.97 


26.E 

22.9 
32.5 

26[4 

16.3 
21.B 

13,3 
17.8 

50-1 
13.5 


V. [ vr. |vn. 


vi,i.|rx,Ix. 


sr, (xn,|xnL 


fiz. 








Ini. 

10 
10 

9 

7 
7 

5 
5 


94,17 
136.41 

67.67 
B5.71 

44.09 
61,63 

29.74 
39.67 

18.31 
24.35 

9.84 
13.07 


aD. 

7.11 
11,93 

6,58 
10.61 

4.09 
6.43 

3,73 
5.58 

3.24 
4,81 

1,76 
2.64 


B.F. 

5J2Z 
9.19 

4.BS 
7,60 

3,06 
4,83 

2,26 
3.29 

1.52 
1.86 

- 


12.23 
12.14 

10.04 
10,01 

7!9S 

6,21 
6,19 

4^65 

3,31 
3,29 


... 
'-■" 

0.98 
1.11 

0.73 
0,78 

°1 

6.92 

0,59 
0.66 


E.F. 

182 

0.6S 
0,79 

0,54 
0.62 

0,56 
0,61 

0,58 
0,63 

0,51 
0,47 


A_B. 

3,50 
3,48 

ai7 

3.16 

2,82 
2.82 

2,49 
2,49 

2,16 
2.16 

1,82 
1,81 


AtU 

0,96 
1-03 

0,99 
1,05 

0,85 
0.91 

0.88 
0-93 

0.91 
0,96 

0,77 
0.82 


'kp. 

0,82 
0.90 

0.83 
0.89 

0.74 
0.79 

0.75 
0,78 

0.76 
0,79 

0,72 
0.68 



EL£M£KTS OF PENCOYD BUIiB ANGLES. 









I 

I 



D 



=^-.F 



& 



XIV. 



Be- 

sisi 
anee. 



Axis 
A,B. 



16.5 
22.9 



13.0 
17.7 



9.8 
13.0 



7.4 
9.4 



5.3 
6.7 



3.5 
4.4 



XV. 



Add to 

for 
Add'l 
Pound 
per Ft. 



0.53 
0.53 



0.49 
0.49 



0.44 
0.44 



0.36 
0.36 



0.31 
0.31 



0.26 
0.26 



XVL 



Great. 

Safe 
Load 
in Net 

Tons. 



88.0 
122.1 



69.3 
94.4 



52.3 
69.3 



39.5 
50.1 



28.3 
35.7 



18.7 
23.5 



XVII. 



Add to 
XVL 
for 
AdcPl 
Pound 
per-Ft. 



2.84 
2.84 



2.61 
2.61 



2.33 
2.33 



1.93 
1.93 



1.64 
1.64 



1.41 
1.41 



xvm. XIX. 



Coepicientfor 
Deflection. 



Distrib'd 
Load. 



Centre 
Load. 



.0000165 
.0000114 



.0000229 
.0000162 



.0000347 
.0000252 



.0000522 
.0000391 



.0000847 
.0000637 



.0001577 
.0001187 



XX. XXI. 



Max, 
Load 

in Net 
Ibns. 



.0000264 
.0000182 



.0000366 
.0000259 



.0000555 
.0000403 



,0000835 
0000626 



.0001355 
.0001019 



.0002523 
.0001899 



63.2 
109.4 



54.2 
90.6 



45.8 
72.6 



38.0 
58.2 



29.0 
44.6 



21.4 
32.8 



DisL 
"d" 
from 
Base 
toNeu. 
Axis 



XXII 



IHst. 
«;»» 

from 

Base 

toNeu. 

Axis. 



II. 



Sec 
No. 



4.30 
4.29 



3.80 
3.82 



3.44 
3.44 



2.96 
2.96 



2.53 
2.49 



2.16 
2.13 



0.76 
0.92 



0.79 
0.93 



0.70 
0.82 



0.73 
0.83 



0.75 
0.85 



0.66 
0.74 



lOOA 
lOOA 



90A 
90A 



80A 
80A 



70A 
70A 



60A 
60A 



50A 
50A 



Size 

in 

Ins, 



10 
10 



9 
9 



8 
8 



7 
7 



6 

6 



5 
5 



t^)l 



■ 



ELEMENTS OF PENCOYD TEES. 



A 



B 



I. 


II. 


TIT. 

Area 
in 

Ins. 

3.10 
3.98 


IV. 
Wl 

in 
Lbs. 

10.9 
13.7' 


V. 


VI. 


VII. VIII 


IX. 


X. 


XT 
Disl. 

from 
Base 
ioN. 
Axis. 

1.15 
1.18 


I. 


Sec 


Size 
in 

Inches. 


Moments 
qf Inertia, 


Besiti- 
ance. 


Radius qf 
Oyraiion. 


.8^ 


JNo. 


Axis 
A.B. 

4.70 
5.70 


Axis 
CD. 

2.20 
2.79 


AxU 
A.B. 

1.64 
2.02 


Axis 
CD. 

1.10 
1.40 


Axis 
A.B. 

1.23 
1.20 


Axis 
CD. 

0.85 
0.84 


No. 


440T 
441T 


4 x4 

4 x4 


440T 
441T 


335T 
336T 


3^,^2x3^ 
3^x3^ 


2.08 
2.66 


7.0 
9.0 


2.27 
2.83 


1.03 
1.32 


0.89 
1.16 


0.59 
0.75 


1.04 
1.03 


0.71 
0.71 


0.94 
1.06 


335T 


337r 

33ar 


3i;t2x3^ 
3 x3 


3.24 
1.91 


11.0 
6.5 


3.61 
1.57 


1.75 
0.75 


1.49 
0.74 


1.00 
0.50 


1.05 
0.91 


0.73 
0.62 


1.07 
0.87 


337r 
330T 


331T 
225T 


3 x3 
2i,i2x2^ 


2.27 
1.47 


7.7 
5.0 


1.82 
0.79 


0.89 
0.38 


0.86 
0.44 


0.60 
0.30 


0.89 
0.73 


0.62 
0.51 


0.88 
0.69 


331 T 
22bT 


226T 
227T 


2i;t2x2i;i2 
2i,t2x2^ 


1.71 
1.94 


5.8 
6.6 


0.95 
1.08 


0.48 
0.56 


0.55 
0.63 


0.38 
0.45 


0.75 
0.75 


0.53 
0.54 


0.76 
0.79 


226T 
22^1 


222T 

22^1' 


2^4 x 2\ 
214x214 


1.18 
1.18 


4.0 
4.0 


0.51 
0.52 


0.27 
0.26 


0.31 
0.33 


0.24 
0.23 


0.66 
0.66 


0.48 
47 


0.62 
0.65 


2221' 
223T 


220^1' 
117T 


2 x2 

1% X 134 


1.03 
0.71 


3.5 
2.4 


0.37 
0.19 


0.18 
0.09 


0.26 

0.15 


0.18 
0.10 


0.60 
0.52 


0.41 
0.36 


0.60 
0.51 


220T 
117T 


115T 
11 2T 


1^x1^,^ 
1^x1^ 


0.59 
0.44 


2.0 
1.5 


0.12 
0.07 


0.06 
0.04 


0.12 
0.09 


0.08 
0.06 


0.45 
0.40 


0.32 
0.30 


0.47 
0.43 


115T 
112T 


HOT 


1 xl 


0.29 


1.0 


0.03 


0.02 


0.05 


0.04 


0.32 


0.26 


0.38 


HOT 
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ELEMENTS OF PENCOYI> TEES. 

UNHVEN tiEGS. 
C 




L 


n. 


111. 


IV. 
Wi. 


V. 


VI. 


VII. VIII 


IX. 


X. 


XI. 
Dist. 

Hfpi 


L 






Moments 


Eesisi- 


Radius qf 




Sec. 


Size 

in 

Inehee, 




Foot 
in 


of Inertia, 


ance. 


Gyration. 


from 
Base 
iaN 


See. 


No. 


Axis 


AxU 


Axis 


Axis 


Axis 


Axis 


No. 






8.21 


Lbs. 
2&2 


A.B. 
14.74 


CD. 


A.B. 


CD. 

4.60 


A.B. 
l.,S3 


CD. 
1.29 


Axis. 

1.37 




e6T 


6 x4>^ 


13.81 4.71 


66T 


64T 


6 x4 


4.61 


15.6 


5.82 


8.19 


1.92 


2.73 


1.12 


!.;« 


0.97 


64T 


asT 


6 x5>4 


ll.f)8 


39.0 


28.68 


18.75 


8.19 


6.25 


1.57 


1.27 


1.75 


65T 


53T 


5 x3^ 


4.95 


17.0 


5.29 


5.47 


2.17 


2.19 


1.03 


1.05 


1.06 


53'r 


54T 


5 x4 


4.54 


15.3 


6.16 


5.41 


2.11 


2.16 


1.17 


1.09 


1.08 


54T 


42T 


4 x2 


1.93 


6.5 


0.53 


1.75 


0.34 


0.87 


0.52 


0.95 


0.46 


42T 


43T 


4 x3 


2.67 


9.0 


1.99 


2.10 


0.90 


\.^ 


0.87 


0.89 


0.78 


43T 


44T 


4 x3 


3.05 


10.2 


2.24 


2.44 


1.02 


1.22 


0.85 


0.89 


0.81 


44T 


45T 


4 t4^ 


4.29 


14.6 


7.87 


2.80 


2.50 


1.40 


1.37 


0.81 


1.3"/ 


45T 


4eT 


4^x3^ 


4,as 


15.8 


4.93 


3.67 


2.05 


1.63 


1.03 


0.89 


1.11 


46*1' 


47T 


4 x4^ 


3.38 


11.4 


6.31 


2.11 


1.96 


1.06 


1.37 


0.79 


1.28 


47T 


jwr 


3^)^2x3 


2.11 


7.0 


ras 


1.18 


0.75 


0.67 


0.88 


0.75 


0.80 


38T 


3tyr 


3^x3 


2.46 


8.5 


1.91 


1.41 0.88 


0.81 


0.88 


0.75 


0.83 


39T 


aoT 


3x1^ 


1.20 


4.0 


0.18 


0.60 0.16 


0.40 


0.39 


0.71 


0.36 


3ar 


31T 


3 X 21,^8 


1.46 


5.0 


0.78 


0.60 0.42 


0.40 


0.73 


0.64 


0.66 


31T 


32T 


3 x2\ 


1.76 


6.0 


0.93 


0.74 


0.51 


0.49 


0.73 


o.a) 


0.68 


32'r 


33rr 


3x2^ 


2.06 


7.0 


1.08 


0.89 


0.60 


0.59 


0.72 


0.66 


0.71 


[<^V 


34T 


3 x2^ 


2.38 


8.0 


1.32 


0.91 


0.78 


0.61 


0.74 


0.62 


0.80 


34T 


35T 


3 x3^ 


2.46 


8.3 


2.82 


0.89 


1.17 


0.59 


1.07 


0.60 


1.08 


asT 


36T 


3x3^ 


2.81 


9.5 


3.19 


1.04 1.33 


0.69 


1.07 


0.61 


1.10 


36T 


28T 


2%xl% 


1.96 


6.6 


0.56 


0.60 0.50 


0.44 


0.54 


0.56 


0.64 


28T 


29T 


2%x2 


2.14 


7.2 


0.82 


0.61 


0.66 


0.44 


0.62 


0.54 


0.75 


29^r 


25T 


2^xl\ 


0.97 


3.3 


0.10 


0.33 


0.11 


0.26 


0.32 


58 


0.31 


25T 


28T 


2^x2^ 


1.68 


5.7 


1.16 


0.43 0.60 


0.34 


0.83 


0.51 


O.HIH 


26T 


2Tr 


2^x3 


1.76 


6.0 


1.48 


0.44:0.71 


0.35 


0.92 


0.50 


0.93 


2Tr 


24T 


2^x A 


0.66 


2.2 


0.01 


0.210.03 


0.21 


0.14 


0.60 


0.17 


24T 


20T 


2 X A 


0.60 


2.0 


0.01 


0.17:0.03 


0.17 


0.14 


0.53 


0.17 


20^1' 


22T 


2 xlS 


0.62 


2.0 


0.04 


0.16 0.05 


0.16 


0.24 


0.51 


0.23 


22T 


21T 


2 xl 


0.72 


2.5 


0.05 


0.17 0.07 


0.17 


0.26 


0.49 


0.27 


21T 


23T 


2 xli;<2 


0.91 


3.0 


0.16 


0.17 0.15 


0.17 


0.42 


0.44 0.45 


23T 


17T 


l^xlA 


0.56 


1.9 


0.05 


0.11 0.06 


0.13 


0.30 0.45 0.24 


17T 


18T 


1^x1^ 


1.04 


3.5 


0.12 


0.21 0.14 0.24 


0.35,0.45,0.40 


18T 


15T 


l^x 1 


0.41 


1.4 


0.02 


0.07i0.03;0.09 0.22:041 0.21 


15T 


12T 


l^x ;| 


0.35 


1.2 


0.02 0.03 0.03 


0.05 0.24 


0.30 0.22; 12T 
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ELEMENTS OF PENCOYD ANGLES. 



\ 



n 



A- 



\ 



\ 



ir T-B 



I 



V^ 



J_l. 



I. 



Section 
Number. 



880A 
888A 

660A 
669A 

550A 
559A 

440A 
447A 

350A 
355A 

330A 
336A 

275A 
279A 

250A 
255A 

225A 
228A 

220A 
223A 

175A 
178A 

150A 
154A 

125A 
127A 

llOA 
112A 



n. 



Size in Inches. 



8 xB 
8^x8^ 

6 x6 
6^x6^ 

5 x5 
5^x5^ 

4 x4 
4^x4^ 

3%x3% 

3 z3 
3^x3^ 

2%x2% 
3 x3 

2%x2% 

2^x2^ 

2^x2,^ 

2 x2 

2A X 2j\ 

l%xl% 

lllxlll 

l^xll;tj 

l^xl^^ 

1^4x1^ 
l%xl% 

1 Xl 
1^8 X 1^ 



III. 



Thich- 
neu. 



1" 



I 
^ 



^8 






IV. 



Area in 
Sq. Inches. 



7.75 
15.29 

4.36 
10.65 

3.61 
8.77 

2.40 
5.69 

2.09 
4.06 

1.44 
3.51 

1.31 
2.70 

0.90 
2.33 

0.81 
1.66 

0.71 
1.47 

0.62 
1.28 

0.36 
1.14 

0.30 
0.62 

0.23 
0.49 



V. 



Weight 
per Fbot 
in Lbs. 



26.4 
52.8 

14.8 
35.9 

12.3 
29.4 

8.2 
18.6 

7.1 
13.7 

4.9 
11.5 

4.5 
8.6 

3.1 

7.8 

2.7 
5.4 

2.5 
4.8 

2.1 
4.1 

1.2 
3.5 

1.0 
2.0 

0.8 
1.5 



VI. 



vn. 



Moments qf Ir»ertia. 



Avis 
A. B. 



48.47 
94.14 

15.37 
36.69 

8.73 
20.72 

3.69 
8.71 

2.45 
4.60 

1.25 
3.01 

0.95 
2.11 

0.54 
1.33 

0.39 
0.85 

0.27 
0.61 

0.18 
0.39 

0.06 
0.29 

0.05 
0.10 

0.02 
0.05 



Axis 
E.F. 



19.60 
39.01 

6.20 
15.48 

3.54 
9.09 

1.50 
3.82 

0.99 
1.97 

0.50 
1.32 

0.39 
0.90 

0.22 
0.59 

0.16 
0.37 

0.11 
0.26 

0.08 
0.18 

0.03 
0.13 

0.02 
0.04 

0.01 
0.02 
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£le]ii]e:xts of pencoyd angles. 



xn 



A- 



\ 



\ 



I 



i\ 






>^ 



VIII. 


IX. 


X. 


XL 


I. 


Hadii qf OyraHon. 


Resistance. 


Distance from 

Base to NeutrcU 

Axis. 


Section 


AxU A, B, 


AxU E. F. 


Axis A. B. 


"d." 


Number, 


2.50 
2.48 


1.59 
1.60 


8.34 
16.18 


2.19 
2.43 


880A 
888A 


1.88 
1.86 


1.19 
1.21 


3.53 
8.43 


1.64 
1.90 


660A 
669A 


1.56 
1.54 


0.99 
1.02 


2.42 
5.76 


1.39 
1.65 


550A 
559A 


1.24 
1.24 


0.79 
0.82 


1.28 
3.10 


1.12 
1.34 


440A 
447A 


1.06 
1.06 


0.69 
0.70 


0.98 
1.84 


0.99 
1.13 


350A 
355A 


0.93 
0.93 


0.59 
0.61 


0.58 
1.39 


0.84 
1.02 


330A 
336A 


0.85 
0.88 


0.55 
0.58 


0.48 
1.02 


0.78 
0.93 


275A 
279A 


0.77 
0.76 


0.49 
0.50 


0.30 
0.75 


0.70 
0.84 


250A 
255A 


0.69 
0.72. 


0.44 
0.47 


0.24 
0.50 


0.63 
0.75 


225A 
228A 


0.62 
0.64 


0.39 
0.42 


0.19 
0.40 


0.58 
0.68 


220A 
223A 


0.54 
0.55 


0.36 
0.38 


0.15 
0.30 


0.51 
0.63 


175A 
178A 


0.47 
0.50 


0.28 
0.34 


0.07 
0.25 


0.42 
0.57 


150A 
154A 


0.41 
0.40 


0.26 
0.25 


0.06 
0.11 


0.35 
0.43 


125A 
127A 


0.29 
0.32 


0.21 
0.20 


0.03 
0.07 


0.30 
0.37 


llOA 
112A 
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ELEMENTS OF PBNCOYD ANGLES. 



I. 



Section 
Number. 



860A 
868A 

730A 
738A 

650A 
659A 

640A 
649A 

630A 
639A 

500A 
504A 

540A 
546A 

510A 
517A 

530A 
537A 

450A 
457A 

410A 
417A 



E ^ 




n. 



Size in 
Inches. 



8 z6 

7 tSV^ 
7^x3^ 

6^x4 
67/8 X 4% 

6 x4 

6%x4% 

6 t3\ 

6%x37/8 

5^,12x31^ 
5%x3% 

5 x4 

&Ax4,V 

5 x3^ 
5^x3% 

5 x3 
5^4x3^ 

41^^2x3 
434x3^ 

4 xSHi 
41^x3% 



III. 



I%ick- 
neu. 



1 



1 






TV. 



V. 



Area in 
Sq. Ins. 



6.75 
13.29 

5.00 
9.79 

3.80 
9.48 

3.61 
9.01 

3.42 
8.54 

3.23 
5.47 

3.23 
6.35 

2.56 
6.07 

2.40 
5.69 

2.25 
5.32 

2.25 
5.32 



Weight 

per 

Ibot 

in 

Lbs. 



23.0 
45.6 

17.0 
32.5 

12.9 
31.9 

12.2 
29.4 

11.6 
28.6 

11.0 
17.9 

11.0 
21.3 

8.7 
20.0 

8.2 
18.7 

7.7 
17.4 

7.7 
17.4 



VI. 



VII. VIIL 



Moments qf Inertia. 



Axis 
A. B. 



44.38 
85.34 

25.29 
48.59 

16.83 
42.40 

13.48 
33.95 

12.82 
32.56 

10.15 
17.62 

8.13 
15.65 

6.58 
15.51 

6.27 
14.75 

4.72 
11.04 

3.57 
8.42 



Axis 
C.B. 



21.73 
41.67 

4.37 
8.47 

5.03 
12.91 

4.91 
12.47 

3.32 
7.74 

3.28 
5.85 

4.65 
8.74 

2.71 
6.41 

1.75 
4.18 

1.72 
4.07 

2.56 
6.06 



Axis 
KF. 



12.04 
24.76 

3.64 
7.47 

3.29 
9.28 

3.04 
8.57 

2.39 
6.50 

2.14 
3.82 

2.50 
4.95 

1.65 
4.17 

1.20 
3.05 

1.10 
2.96 

1.18 
3.08 
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ELEMENTS OF PBNCOYD ANGI/ES. 







IX. 


X. 


XI. 


XII. 


xin. 


xrv. 


XV. 


I. 


JBadii 


w of Gyn 


iHon, 


Resistance. 


Distance from Base 
to Neutral Axis, 


SecHfm 


Axis 
A.B. 


AxU 
CD, 


Axis 
E. F. 


Axis 
A.B. 


Axis 
CD. 


d. 


I. 


Number. 


2.56 
2.53 


1.79 
1.77 


1.34 
1.37 


8.03 
15.43 


4.80 
9.20 


2.47 
2.72 


1.47 
1.72 


860A 
868A 


2.25 
2.23 


0.93 
0.93 


0.85 
0.87 


5.66 
10.85 


1.61 
3.10 


2.53 
2.77 


0.78 
1.02 


730A 
738A 


2.10 
2.12 


1.15 
1.17 


0.93 
0.99 


3.87 
9.58 


1.62 
4.07 


2.15 
2.45 


0.90 
1.20 


650A 
659A 


1.93 
1.94 


1.17 
1.18 


0.92 
0.98 


3.32 
8.21 


1.60 
3.98 


1.94 
2.24 


0.94 
1.24 


640A 
649A 


1.94 
1.95 


0.99 
0.95 


0.84 
0.87 


3.24 
8.05 


1.23 
2.77 


2.04 
2.33 


0.79 
1.08 


630A 
639A 


1.77 
1.79 


1.01 
1.03 


0.81 
0.84 


2.76 
4.66 


1.22 
2.10 


1.82 
1.97 


0.82 
0.97 


500A 
504A 


1.59 
1.57 


1.20 
1.17 


088 
0.88 


2.34 
4.50 


1.57 
2.93 


1.53 
1.71 


1.03 
1.21 


540A 
546A 


1.60 
1.60 


1.03 
1.03 


0.80 
0.83 


1.93 
4.51 


1.02 
2.38 


1.59 
1.81 


0.84 
1.06 


510A 
517A 


1.62 
1.61 


0.85 
0.86 


0.71 
0.73 


1.89 
4.40 


0.75 
1.78 


1.68 
1.90 


0.68 
0.90 


530A 
537A 


1.45 
1.44 


0.ff7 
0.87 


0.70 
0.75 


1.55 
3.61 


0.75 
1.76 


1.46 
1.69 


0.71 
0.94 


450A 
457A 


1.26 
1.26 


1.07 
1.07 


0.72 
0.76 


1.27 
2.95 


1.00 
2.33 


1.18 
1.40 


0.93 
1.15 


410A 
417A 
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ELEMENTS OF PENGOYD ANGLES. 



E 




I. 


n. 


III. 


IV. 


V. 


VI. 


vn. 


vin. 


Section 


Sizein 
Inches. 


l%iek- 
ne*M. 


Area in 
Sq.Ins. 


Weight 

in 
Lb*. 


MemenU qf Inertia. 


Number. 


Axis 
A. B. 


Axis 
CD. 


Axis 
KF. 


430A 
435A 


4 x3 

4^x3^ 


4 


2.09 
4.06 


7.1 
13.8 


3.38 
6.36 


1.64 
2.59 


0.93 
1.80 


300A 
305A 


3^x3 

3Hx3A 


t 


1.93 
3.98 


6.6 
12.9 


2.33 
5,12 


1.59 
3.54 


0.80 
1.88 


310A 
314A 


3^)^2x2^ 
3^x2% 


\ 


1.44 

2.95 


4.9 
9.4 


1.81 
3.93 


0.78 
1.76 


0.45 
1.01 


316A 
318A 


3^x2 
3%x2ife 


% 


1.31 
1.99 


4.5 
6.6 


1.66 
2.55 


0.41 
0.65 


0.30 
0.45 


325A 
329A 


3 x2^ 

3^x2% 


% 


1.31 
2.70 


4.5 
8.7 


1.15 
2.64 


0.73 
1.71 


0.41 
0.76 


320A 
324A 


3 x2 
3^x214 


\ 


1.19 
2.45 


4.1 

7.9 


1.09 
2.41 


0.40 
0.92 


0.24 
0.57 


200A 
205A 


2^x2 

2Hx2A 


« 


0.81 
2.26 


2.7 
7.0 


0.51 
1.64 


0.29 
0.97 


0.13 
0.44 


206A 
209A 


2^x1^ 

2Axltt 


i 


0.67 
1.38 


2.3 
4.4 


0.35 
0.73 


0.12 
0.29 


0.08 
0.18 


215A 
218A 


2 xli^tj 
2Axltt 


t 


0.62 
1.28 


2.1 
4.3 


0.25 
0.52 


0.12 
0.29 


0.07 
0.15 


210A 
213A 


2 xl^ 
2Axl^ 


^ 


0.67 
1.19 


1.9 
3.9 


0.23 
0.50 


0.07 
0.17 


0.05 
0.12 



::u8 




IX. 


X 


XI. 


XII. 


xin. 


XIV. 


XV. 


I. 


Sadii 


u of Gyn 


iHon. 


• 

Rattittcuice, 


Distance fi-om Base 
to Neutral Axis. 


Seclion 


Axis 
A.B. 


Axis 


Axis 
R F. 


Atu 
A.B. 


Axis 
CD. 


d. 


/. 


Number. 


1.27 
1.25 


0.89 
0.80 


0.67 
0.67 


1.23 
2.33 


0.73 
1.16 


1.26 
1.40 


0.76 
0.90 


430A 
4a5A 


1.10 
1.13 


0.91 
0.95 


0.64 
0.69 


0.95 
2.00 


0.73 
1.53 


1.06 
1.25 


0.81 
1.00 


300A 
305A 


1.12 
1.15 


0.74 
0.77 


0.56 
0.59 


0.76 
1.58 


0.41 
0.88 


1.11 
1.26 


0.61 
0.76 


310A 
314 A 


1.13 
1.13 


0.56 
0.57 


0.48 
0.48 


0.72 
1.09 


0.27 
0.41 


1.21 
1.28 


0.46 
0.53 


316A 
318A 


0.94 
0.99 


0.75 
0.80 


0.56 
0.53 


0.55 
1.20 


0.40 
0.88 


0.92 
1.05 


0.67 
0.80 


325A 
329A 


0.96 
0.99 


0.58 
0.61 


0.45 
0.48 


0.54 
1.14 


0.26 
0.57 


0.99 
1.14 


0.49 
0.64 


320A 
324A 


0.79 
0.85 


0.60 
0.66 


040 
0.44 


0.29 
0.88 


0.19 
0.60 


0.76 
0.94 


0.51 
0.69 


200A 
205A 


0.72 
0.73 


0.42 
0.46 


0.35 
0.36 


0.23 
0.46 


0.11 
0.24 


0.74 
0.86 


0.37 
0.48 


206A 
209A 


0.63 
0.64 


0.44 
0.48 


0.34 
0.34 


0.18 
0.36 


0.11 
0.24 


0.64 
0.76 


0.39 
0.50 


215A 
218A 


0.64 
0.65 


0.35 
0.38 


0.30 
0.32 


0.18 
0.36 


0.07 
0.17 


0.69 
0.80 


0.31 
0.42 


210A 
213A 



209 



\ 
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BADII OF GYRATION FOR 2 AJNTGIiES 
WITH SIDES PARAIiUBIi. 

The radii of gyration correspond to axes shown. 
Tx T« rs 

=3. i?= • 



If 



J 



-r 

o 



•«c 



1 



r 



Size 


TMch- 
neu. 


Weight 
per Pbot 

in 
Pounds. 


d 


RADH GYRATION. 


in Inches. 


U 




r% 


r* 


8 x8 
8^x814 


> 


26.4 
52.8 


2.19 
2.43 


2.50 
2.48 


3.32 
3.47 


3.45 
3.61 


3.58 
3.74 


6 x6 
634x614 


a 


14.8 
35.9 


1.64 
1.90 


1.88 
1.86 


2.49 
2.66 


2.62 
2.80 


2.76 
2.94 


5 x5 
514x514 


il 


12.3 
29.4 


1.39 
1.65 


1.56 
1.54 


2.09 
2.26 


2.22 

2.40 


2.35 
2.54 


4 x4 
414x414 


k 


8.2 
18.6 


1.12 
1.34 


1.24 
1.24 


1.67 
1.82 


1.80 
1.97 


1.94 
2.12 


3%x3% 


t 


7.1 
13.7 


0.99 
1.13 


1.08 
1.06 


1.46 
1.55 


1.60 
1.69 


1.74 
1.84 


3 x3 
3Ax3A 


% 


4.9 
11.5 


0.84 
1.02 


0.93 
0.93 


1.25 
1.38 


1.39 
1.52 


1.53 
1.68 


2%x2% 
3 x3 


I 


4.5 
8.6 


0.78 
0.93 


0.85 
0.88 


1.15 
1.28 


1.29 
1.42 


1.43 
1.57 


2\i.2\ 
2%x2% 


t 


3.1 
7.8 


0.70 
0.84 


0.77 
0.76 


1.04 
1.13 


1.17 
1.28 


1.32 
1.43 


214x214 

2i%x23^ 


t 


2.7 
5.4 


0.63 
0.75 


0.69 
0.72 


0.93 
1.04 


1.07 
1.18 


1.21 
1.34 


2 x2 

2Ax2A 


t 


2.5 
4.8 


0.58 
0.68 


0.62 
0.64 


0.85 
0.93 


0.99 
1.08 


1.14 
1.23 


1% X 1% 

irtxiil 


t 


2.1 
4.1 


0.51 
0.63 


6.54 
0.55 


0.74 
0.84 


0.88 
0.98 


1.04 
1.14 




^ 


1.2 
3.5 


0.42 
0.57 


6.47 
0.50 


0.63 
0.76 


0.77 
0.91 


0.92 
1.07 


114x114 
l%xl% 


^ 

\ 


1.0 
2.0 


0.35 
0.43 


0.41 
0.40 


0.54 
0.59 


0.68 
0.73 


0.83 
0.90 


1 xl 

1^x11/8 




0.8 
1.5 


0.30 
0.37 


0.29 
0.32 


0.42 
0.49 


0.57 
0.64 


0.73 
0.81 



Txt r, and r, will also be radii of gyration for star columns. 
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BABII OF GYRATION FOR 2 ANGLES 
WITH 8IDFS PARALLEL.. 

The radii of gyration oorreipond to axes shown. 



r. 



A- 



J 



) 



U| 



=^-ro 



V , 



T» 



-^ 



4 



F^^r, 



J 



Size 
in Jncfies. 



8 z6 

7 xS^^ 
7^x3\ 



_x4 
67/8x4% 

6 x4 

6%x4% 

6 x3^ 
e%x37/8 

5i,(2x3J^ 
5^x3% 

5 x4 

5^ x4^ 

5 X 31,12 
5^x35^ 

5 x3 

43^x3 
4%x3^ 



ITtick' 
ness. 



^ 



1 



i 



% 



Weight 
per Foot 

in 
Pounds. 



23.0 
45.6 



17.0 
32.5 



12.9 
31.9 



12.2 
29.4 



11.6 
28.6 



11.0 
17.9 



11.0 
21.3 



8.7 
20.0 



8.2 
18.7 



7.7 
17.4 



2.47 
2.72 



2.53 
2.77 



2.15 
2.45 



1.94 
2.24 



2.04 
2.33 

1.82 
1.97 



1.53 
1.71 



1.59 
1.81 



1.68 
1.90 



1.46 
1.69 



RADII OF GYRATION. 



2.56 
2.53 



2.25 
2.23 



2.10 
2.12 

1.93 
1.94 



1.94 
1.95 



1.77 
1.79 



1.59 
1.57 



1.60 
1.60 



1.62 
1.61 



1.45 
1.44 



2.32 
2.47 



1.21 
1.38 



1.46 
1.68 



1.50 
1.71 



1.27 
1.44 



1.30 
1.41 



1.58 
1.68 



1.33 
1.48 



1.09 
1.24 



1.12 
1.28 



2.44 
2.60 



1.34 
1.51 



1.58 
1.81 



1.62 
1.85 



1.39 
1.58 



1.43 
1,55 



1.71 
1.82 



1.45 
1.62 



1.21 
1.39 



1.25 
1.42 



2.57 
2.74 



1.48 
1.68 



1.72 
1.96 



1.76 
2.00 



1.53 
1.74 



1.56 
1.69 



1.85 
1.97 



1.59 
1.77 



1.35 
1.54 



1.39 
1.58 



\ 
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BAOII OF QYBATIUN FOB '£ AMOLJSH 
WITH SlOIilS PARALLEL. 

The ndil ot gjrntian eam^wDd to iia itaown. 



■T- 



RADII OF GTR4T10S. 



RADII OF GYRATION FOR 2 AXGLES 
WITH SIDES PARALLEL. 

The radii of gyration correspond to axes shown. 



Tx 



ra 



^^ 






=w 



rs 



■y ' 16c 



-k -x. ^ 



JL_:;_. 



W 



=^^r ^^ 



* o A — ~— """tI" 






r 



Size 


Thick- 
ness, 


Weight 
per Mot 

in 
Pounds. 


d 


EADII OF GYRATION. 


in Inches. 


ro 


»*i 


r. 


r. 


8 X6 
^X6^ 


> 


23.0 
45.6 


1.47 
L72 


1.79 
1.77 


3.56 
3.71 


3.69 
3.85 


3.83 
4.00 


7 tZ^ 
7^x3\ 


^ 


17.0 
32.5 


0.78 
1.02 


0.93 
0.93 


3.38 
3.56 


3.53 
3.70 


3.67 
3.85 


67/8x4% 


5 


12.9 
31.9 


0.90 
1.20 


1.15 
1.17 


3.00 
3.24 


3.14 
3.38 


3.28 
3.53 


6 x4 

6%x4% 


^ 


12.2 
29.4 


0.94 
1.24 


1.17 
1.18 


2.74 
2.96 


2.87 
3.11 


3.01 
3.26 


6 x3^ 
6%x3^ 


^ 


11.6 
28.6 


0.79 
1.08 


0.99 
0.95 


2.81 
3.04 


2.95 
3.18 


3.10 
3.33 


5%x3% 


1 


11.0 
17.9 


0.82 
0.97 


1.01 
1.03 


2.54 
2.66 


2.68 
2.80 


2.82 
2.95 


5 x4 

5Ax4^ 


I 


11.0 
21.3 


1.03 
1.21 


1.20 
1.17 


2.21 
2.32 


2.34 
2.46 


2.48 
2.61 


5 x35^ 
5^x3=^ 


t 


8.7 
20.0 


0.84 
1.06 


1.03 
1.03 


2.25 
2.41 


2.39 
2.56 


2.53 
2.71 


5 x3 


t 


8.2 
18.7 


0.68 
0.90 


0.85 
0.86 


2.33 
2.49 


2.47 
2.64 


2.62 
2.79 


45^x314 


k 


7.7 
17.4 


0.71 
0.94 


0.87 
0.87 


2.06 
2.22 


2.19 
2.37 


2.34 
2.52 
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RADn OP GYRATION FOR 2 ANOUBS 
WITH SIDES PARAIiliEL. 

The radii of gjrmtion ooneqwiid to axes shown. 



Tx 



ti== 



V 



'^ 




Ts 



Aq A"" — ~"~' 



L_L. X. 



If 






4 
4^ 

4 

4^ 



3^ 
3% 

3^ 

3% 

3 
3^ 

3 
3^ 



2 

2ft 

2 

2A 



3% 

3 
3^ 

3 
3ft 

2^ 
2% 

2 
2^ 

2^ 
2% 

2 

2^ 

2 

2ft 



neu. 



s 



* 






Weight 
per Fbot 

in 
PoundM, 



7.7 
17.4 

7.1 
13.8 

6.6 
12.9 

4.9 
9.4 

4.5 
6.6 

4.5 
8.7 

4.1 

7.9 

2.7 
7.0 

2.3 
4.4 

2.1 
4.3 

1.9 
3.9 



0.93 
1.15 

0.76 
0.90 

0.81 
1.00 

0.61 
0.76 

0.46 
0.53 

0.67 
0.80 

0.49 
0.64 

0.51 
0.69 

0.37 
0.48 

0.39 
0.50 

0.31 
0.42 



RADII OF GYRATION. 



1.07 
1.07 

0.89 
0.80 

0.91 
0.95 

0.74 
0.77 

0.56 
0.57 

0.75 
0.80 

0.58 
0.61 

0.60 
0.66 

0.42 
0.46 

0.44 
0.48 

0.35 
0.38 



1.73 
1.88 

1.79 
1.88 

1.53 
1.68 

1.58 
1.71 

1.65 
1.71 

1.31 
1.44 

1.38 
1.51 

1.10 
1.27 

1.03 
1.13 

0.90 
0.99 

0.94 
1.03 



1.86 
2.03 

1.92 
2.02 

1.66 
1.82 

1.71 
1.85 

1.80 
1.85 

1.45 
1.58 

1.52 
1.66 

1.23 
1.41 

1.17 
1.28 

1.04 
1.14 

1.09 
1.18 



2.00 
2.18 

2.07 
2.17 

1.81 
1.98 

1.86 
2.00 

1.95 
2.00 

1.60 
1.73 

1.67 
1.81 

1.38 
1.56 

1.33 
1.43 

1.19 
1.30 

1.24 
1.34 
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MOMENT OP INERTIA OF RECTANGLES, 



aos^- 




ll 






WidLhoSRectangl6\ 


Xn Inches. 






II 


\ 


A 


1 


A 


i 


A 


t 


6 


4.50 


5.63 


6.75 


7.88 


9.00 


10.13 


11.25 


7 


7.15 


8.93 


10.72 


12.51 


14.29 


16.08 


17.86 


8 


10.67 


13.33 


16.00 


18.67 


21.33 


24.00 


26.67 


9 


15.19 


18.98 


22.78 


26.58 


30.38 


34.17 


37.97 


10 


20.83 


26.04 


31.25 


36.46 


41.67 


46.87 


52.08 


11 


27.73 


34.66 


41.59 


48.53 


55.46 


62.39 


69.32 


12 


36.00 


45.00 


54.00 


63.00 


72.00 


81.00 


90.00 


13 


45.77 


57.21 


68.66 


80.10 


91.54 


102.98 


114.43 


14 


57.17 


71.46 


85.75 


100.04 


114.33 


128.63 


142.92 


15 


70.31 


87.89 


105.47 


123.05 


140.63 


158.20 


175.78 


16 


85.33 


106.67 


128.00 


149.33 


170.67 


192.00 


213.33 


17 


102.35 


127.94 


153.53 


179.12 


204.71 


230.30 


2bb.89 


18 


121.50 


151.88 


182.25 


212.63 


243.00 


273.38 


303.75 


19 


142.90 


178.62 


214.34 


250.07 


285.79 


321.52 


357.24 


20 


166.67 


208.33 


250.00 


291.67 


333.33 


375.00 


416.67 


21 


192.94 


241.17 


289.41 


337.64 


385.88 


434.11 


482.34 


22 


221.83 


277.29 


332.75 


388.21 


443.67 


499.13 


564.58 


23 


253.48 


316.85 


380.22 


443.59 


506.96 


570.33 


633.70 


24 


288.00 


360.00 


432.00 


504.00 


576.00 


648.00 


720.00 


25 


325.52 


406.90 


488.28 


569.66 


651.04 


732.42 


813.80 


26 


366.17 


457.71 


549.25 


640.79 


732.33 


823.88 


915.42 


27 


410.06 


512.58 


615.09 


717.61 


820.13 


922.64 


1025.16 


28 


457.33 


571.67 


686.00 


800.33 


914.67 


1029.00 


1143.33 


29 


508.10 


635.13 


762.16 


889.18 


1016.21 


1143.23 


1270.26 


30 


562.50 


703.13 


843.75 


984.38 


1125.00 


1265.63 


1406.25 


31 


620.65 


775.81 


930.97 


1066.13 


1241.30 


1396.46 


1551.62 


32 


682.67 


853.33 


1024.00 


1194.67 


1365.33 


1536.00 


1706.67 


33 


748.69 


935.86 


1123.03 


1310.20 


1497.38 


1684.55 


1871.72 


34 


818.83 


1023.54 


1228.25 


1432.96 


1637.67 


1842.38 


2047.08 


35 


893.23 


1116.54 


1339.84 


1563.15 


1786.46 


2009.76 


2233.07 


36 


972.00 


1215.00 


1458.00 


1701.00 


1944.00 


2187.00 


2430.00 


37 


1055.27 


1319.09 


1582.90 


1846.72 


2110.54 


2374.35 


2638.17 


38 


1143.17 


1428.96 


1714.75 


2000.54 


2286.33 


2572.13 


2857.92 


39 


1235.81 


1544.77 


1853.72 


2162.67 


2471.62 


2780.58 


3089.53 


40 


1333.33 


1666.67 


2000.00 


2333.33 


2666.67 


3000.00 


3333.33 
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CLEMENTS OF USUAL SECTIONS. 

Moments refer to horizontal axis as shown. This table is intended for 
eonyenient application where extreme acoaracf is not important. Some of 
the terms are only approximate ; those marked * are correct. Values for ra- 
dias of gyration in nanfed beams apply to standard minimum sections only. 
A =3 area of section. 



Shcme 
Section. 


Moment 

of 
Inertia. 


BeaidoHce. 


Distance of 

Basefrom 

Centre of 

OravUy. 


X«a«< Radius 

of 
Gyration. 




4' 6-» 




6A«* 
12 


bh** 
6 


h 
2 




• 





i 

i 

> 


Least Side* 
3.46 












h** 
12 


0.1178A« * 




h* 
3.46 




12 


1 ^_64* 

6 ^ . 


B 
2 








1 

- B 

1 
i 






• 














%-B—^ 




Ai 


6A«* 
36 


bh** 
24 


^ 


The least of 
the two : 

* or ^* 




4.24 4.9 


• H 


Al 


"12 








k-&-.^ 




/ Kl 


66« + 666j + 6i«.^ 




^26 + 6i 




rr -r^. 


86(26 + 6J 




•*i 4 




€> 


AJD»* 
16 


AD* 
8 


D 
2 


D* 

4 


^n^ 


0.0491 (Z)*--d<)* 


0982^^^** 


2 




4C dA\ 


L^/iX»» + d«)* 






'A 

4 
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ELEMENTS OF USUAL SECTIONS. 

Moments refer to horizontal axis as shown. This table is intended for 
oonyenient application ^here extreme accuracy is not important. Some of 
the terms are onlv approximate ; those marked * are correct. Values for ra- 
dius of gyration in nanged beams apply to standard minimum sections only. 
A -» area of section. 



Shape 
Sectwn. 



t^ 



«-r > 




13 



El 




<•—.*•.-•« 



^ -hr- * 



11 




• oblf 



Momeni 

of 
Inertia, 



0.1098 r* * 



0.7854 ba» * 



10.4 



A^ 
9.» 



Ah* 
19 



Ah* 
10.9 



Ah* 
6.1 



Af^ 
6.73 



ResUtanc*. 



iri = 0.1908 »«* 
ira = 0.2587 r» 



0.7864 ba* * 



Ah 

7.4 



Ah 
67? 



Ah 
9.5 



AJi 
7.6 



Ah 
3.0 



3.3 



Distance qf 

Basejrom 

Centre of 

Gravity. 



0.4244 r 



3.5 



h_ 
3.1 



h 
1 



h_ 
3.3 



2 



A 
2 



Zeos/ Radius 
Gyraiion. 



0.0699 r«* 



h 
5 



hb 
2.6 (A + 6) 



4.74 



4.66 



6.2 



3.66 
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BENDINQ MOMENTS, DEFLECTIONS. ETC., 



IF —Total load. 

E — Modulus of dastidty. 



L — Length of beam. 
/ — Moment of inertia. 



Form of Support and Load. 






L 

— TS 







Beaeiioiu A. B. 
SqfeLoad W. 



B^ W 



W— 



KR 



A-B-^ 



W^A 



KB 



A' 

B^ 



Wd^ 

L 
Wd 

L 



W= KR J^ 

dd^ 



A- 
B' 



^ W 
16 

16 



■m 16 KR 

3 T~ 



Bending Moment M, 



Jf — Wx 



Jf max. — WL 



M-""^ 



Jlfmax.>-> 



WL 



YoxAI>,M^^^^^ 



YotBD.M^^^ 



JJfmax. = -^». 



For^D,JJf==^ Wx, 
For BD, 

JIfmax ^ WL. 

M^ ==-4 WL. 
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FOR BEAMS OF UNIFORM SECTION. 



J3 ■» - -« BesistiDg moment. 



jr-= Fibre stress. 
Distance from neutral axis to extreme fibres. 



JBjuaHonttf EUuHe 
Curve, 



y = 



WIA 



2EI 






'' 16ii7LT~II»J 









Him 



I 



I 



\ 

9k 



>> 



55 



Ik^ti&n "/." 



8 ^/ 






3 



t lap 

fHieo 

I A 



:l 



I 



a IS 



N 

a 



I 



/- 



7 WI^ 
768 -E7* 



/orx— L\/Y 
6 



Graphical Method^ 
OrdinaUs give Bending 
Momenta. 




Draw triangle ^ -. fTI*. 




Draw triangle ^-. -^. 

4 




Draw triangle A » 



fTo!) 




BE^ 



Draw triangles 
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BENDINQ MOMENTS, DEFLECTIONS. ETC. 



IT— Total Loud. 

E — Modalas of elasticity. 



L — Length of beam. 
/-» Moment of inertia. 



Form of Support and Load, 








Reaetiotu A. B. 
Safe Load W. 



A — B~ 



W 



Tr-8 



KR 



A~^B — 



W 



W=2 



KB 



B^W. 



W=2 



KR 



A=B = 



W 



w=s 



KR 



A=iW 
B^l W 



IF=8 



KR 



Bending Moment M. 



WL I % 1 



Jfmax.— 



WL 



8 



For A and B 



Jf— 



W^ 
22 



Jfmax. - ^ 



WL 



Jf max. -» 



8 



WL 



Jlfmaz.» 



8 



M^ 



r^^-^ 
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FOR BEAMS OF UNIFORM SECTION. 



^ — — = Resisting moment. 



K^ Fibre stress. 



c = Distance from neutral axis to extreme fibres. 



Equation of Elastic 
Curve. 



^ 16EI^ 
L* 8X«J 



y -/-/> + 
V>«-x> + i(x— ^) 



y 2iEi^ 



^ 24 EI^ 



[ 



v~^^X 



Deflection "/•" 



^ 192 AT 






W_IA 
8 JEf 



/-5 



5 WL^ 
384 £/ 



Inflection at -^ Zr 

•^ 192^/ 

Max. Deflect, x = 

0.42161. 



Graphical Method. 
Ordinates give Bending 
Moments. 



.<rilTTlTrK...,% 




Draw triangle and rectangle 
ED'=^,AF=^. 




Draw trapezoid DA =^- 





Draw parabola A — 



WL 
8 • 





J09000QO0O 
Draw triangle and parabola 
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BBNDINQ MOMENTS. DEFLECTIONa ETC.. 



TT— Total load. 

E — Modulus of dastioity. 



L -> Length of beam. 
J s- Moment of inertia. 



Form (^Support and Load, 







JSeaeHontA. B. 
SoifeLoad W. 



^-i?-f 



»r— 12 



KR 
IT 



i?- W 



W~Z 



KR 



A- 



W{2d + h) 
2L 



P_ W(2a -h b ) 
2L 



^ 2L + 

'~2L' 

Wa 



Bending Moment M 



«-\%-l^4) 



Jfmax.s- 



WL 



3fij. ■" 



WL 
24 



M ^ ^ 



Jfmax.— 



WL 
8 



^-4^+24) 



For^< PT 

BK~^^ 

For ^ < TTj 

For TT— IT, and a 
RK^ 1 TFa. 



— rti 
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FOR BEAMS OF UNIFORM SECTION. 



JT— Fibre stress. 
Distance from neutral axis to extreme fibres. 



£ — = - = Resisting moment. 
c 



Equation qf NasHe 
Curve. 



I 



MS 
n 



I 



I 



Deflection *7. 



ti /i» 



/- 



884 JZT 



Point of Inflection 
X — 0.2118 Xu 



/- 



WI^ 
i5in 



Qraphical Method. 

OrdtncUes give Sending 

Moments. 




Draw parabola and rectangle, 



A~ 



WL 



BC^ 



WL 




Draw parabola, BC — ^. 

B 



(T-M— 




Draw triangle and parabola, 



KH^ 



Wah 



KE^ 



WZ 

8 



^^ 



BBNDINQ MOMENTS. DEFLECTIONS, ETC.. FOR 
BEAMS OF UNIFORM SECTIONS. 



If -i Total l<Md. 

E — Modulus of elasticity. 

i2 _ £ » Resisting moment. 
c 

c -» Distance finom neutral axis to extreme llbrea. 



L — Length of beam. 
J I— Moment of inertia. 
K — Fibre stress. 



Beam supported at both ends. 2 symmetrical loadsw 




AC^ EB = Distance ftrom support to load. Draw trapezoid haying CD = 
EF's \ If a. Ordinates giro bending moments for corresponding positions 
on beam. 

Bending moment between loads = ^ Wa, 

Maximum deflection — ^^j{^ ^ — ^* 



Beam supported at both ends, with concentrated loads at various points : 



FIG. 6 




Draw (by 8, page 219) the triangles having vertices at C, D and E^ the verti- 
cals representing bending moments for loads w^f to* and ic*. respectively. 
Extend FO to P, OD to B, and HE to S, making each long vertical equal to 
the sum of the bending moments corresponding to its position. That is. FP— 
FC-^ FI -^ FJ, OB-^ OD+ OL-\- OK. And H8^ HE + HN -\- HM. 
Verticals drawn from any point on the polygon, APBSB to AB^ will repre- 
sent the bending moments at the corresponding points on the beam. 
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STRESSES IN SOME SIMPLE FORMS OF 
FRAMED STRUCTURES. 

Compression indicated by the sign — and by solid lines. 
Tension by the sign + and by dotted lines. 

When the prefix "stress" is used, the load borne by the 
member is indicated ; otherwise the length of the meniber 
is meant. 

Cranes. 

Supported at the points A and By maximum longitudinal 
stresses, due to weight W, suspended at the end. These 
stresses are modified by the position of the hoisting chain. 






D is the point where a line drawn from Cat right angles 
to A B will intersect the latter. 



A B 



Stress 5 C= ^ X IT 
A B 



" ^5 = — 4^XTrinFig.2,or = + 4-5>^^inFig.3. 
A B A Ji 

When point A is supported by inclined bock stays as 
shown in Fig. 1, and when the back stay is in the plane or 
A B and W. 

Stress ^^= + 4^XTFX^^ 



AB 



EB' 



and a resulting compression ensues on 
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/ 



V 



D 



\ 



\ 

bM 



Fia4 



Cranes. 

Stress Ci) = — ^X W 

A 1) 



^C 



« 



(^ 



A e=x + 4-£x JT 



<< 



Stress B E 
" BA 



AD 
ED — — atre8sD C. 
Let w = the horizontal reaction at B 

+ ^X (Stress CD -«;) 






X t^ + T^ 



) 



icr4..^^.4ll^ B 




^and JET are points where 
lines drawn from D intersect 
at right angles A Cand A B. 
X, Y and Z are the angles 
formed by extending the 
braces C D and B D as indi- 
cated by dotted lines, w = 
the horizontal reaction at B 



W=i 



AC 
AB 



X W. 



Stress A C 

" AB 
AD = 



+ ^X Tf. Stress Cl> = 



— stress CD X 



or = — stress B D X 



" BD = 

Sine r 
SineX 

Sine Y 
SineZ 



HD 
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Y 



no. 6 



Trussed Giedebs. 

Weight in Middle, 

Stress ^ or 



B 



a 



(( 






Weight out of Cerdre, 



® 



FIQ.7 



V 



\ 



.^-'' 



Stress^ C= + 44?^XTF 



B 



t( 



BC== 



ABXDC 






Stress -4 -B: 

" DC: 



ADXBB 
'' ABxDC 

:— IF 



XTf 



^^ 



Equal Loads W, W, 



no. 8 



B 



H 



C 



Stress^ iror2>JS?=+^X W 
HE=+i^XW 



u 



u 



AD 
Stres8BHoTCE=—W 



BH 

AB 
BH 



%W 




Vneqwcd Loads W and w. 

^^' Stress as below on countei 

^^ ® diagonals BEorH Cacco^din^ 

/ to position of greatest load. 



B 



V 

H 



/ 



/ 



StressCir=+^-g^Xi — ^ 



{^") 
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Fink Truss. 

^^ StTes8BForDH=^W 

® ® ® E 



N., 



B 



/ 



\ 






>H 



:x' 



It 



CG = — 2 W 



" AE^ — liWX 



AF 



AC 
CO 



stress AFotHE= + UWX ^r^ 



« FO or HG = +WX 



A O 
CQ 



FCor CH=^ + -^ X^^ 



W^AG 
2 



Roofs. 
w = load concentrated on each triangular apex. 

Strut Stresses. 







Stress D F= — w 



w , CH 



Stresses on Ties. 

■n TT 

Stress f' (? = + 1 J «^ X g-^ 
« ^ 2?^= + 2i ^ X |-^ 



12a/fer Stresses. 
Stress CJ5;=— 2 «» X ^ 



" £ ^ = — 2J w X 



CH 
GB 



Cf = + iJ^x 



-BO 
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Roofs. 
w s= load concentrated on each triangular apex. 



FIG. 12 




Strut Stresses, 
StresB HIotKL=—wX 



a 



DB 
CB 



GE=^2wyi^^ 



Stress ^-B = 



" 0K= 



Rafter Stresses. 

7w CR\ 
I ^ CD) 



-( 



- \JT^ CD ^^ CB) 



« HO 



" CH 






Iw^CB 
T ^CD 



— 2w X 



7w ^CB 
'^CD 



— 3w;X 



CD 
CB 

CD 
CB 



) 
) 



Stresses on Ties, 

ry T nr y W ^DB ^ CB 

Stress G lor G i = + -g- X ^ X g-g 



« 



M 



^ ^ , ^ DB ^ CB 
SI^ + wX ^^^cD 

f, T yZw^DB y C B 

^ ^^'^'Y C~B^CD 



4 " DC 

" EL^= the sum of the stresses on FE and JS? J- 
«* LB^ the sum of the stresses on E l, and 6? X. 
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ROOFB. 

w s= load concentrated on each triangular apex. 

The rafters and horizontal tie being each uniformly sub- 
divided. 

Strut Stresses. 
® @ Fiai8 Stress J^B^=~fxJf 




EI^ — w X 



EI 
EH 



B I H Q A 



/>-B— -2-X^-j. 



Vertical Ties. 



w 



StresaEH^+-~, Stress D /= + 1^;. Stress C -B = + 3 ti;. 

Rafter Stresses. 
Stress CD =—2 w X 

" DE = — 2iwX 

EF==—S w X 

FA^ — Siw X 



(( 



(( 



CA 


CB 


CA 


CB 


CA 


CB 


CA 



CB 



Stress at 5 =r 4- 2 w X 
" BI-. 

« IH 



Horizontal Tie. 
BA 



BC 



/ B I\ 

+ stressat ^ + I stress DBx J^^ ) 

+ " BI+ ( « EIX^'j 



tt 



IH 



w- 



FHX 



H0\ 
HFj 
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ROOFS. 

Iron roofs having a slope of 2 to 1, and trusses about 
15 feet apart, will approximate in weight as follows per 
square foot of building area : 

Weight of material in frame, including truss and purlins, 
but not covering : 

Truss of 75 to 100 feet span, 8 to 10 pounds per sq. ft. 
" " 50 to 75 " 7 to 8 " ** 

" under 50 " 5 to 7 " " " 

To this must be added the following weights of covering 
material per square foot of building area : 

Tin on V^ boards 4.5 pounds. 

Corrugated sheets, No. 20, galvanized .... 2.3 

No. 20, " on V' boards 5.7 

Slate A^^ thick, on \Y' boards 11.0 

** V " "1 " 7,5 

Felt and gravel ... 9-11 

If plastered below rafters, add ........ 10 

The snow load will vary with the latitude from 10 pounds 
per square foot of building area for Baltimore and Cincin- 
nati to 30 pounds for Northern New England. In roofs 
with inclinations of 45 degrees or over the snow load can 
be neglected if no snow guards or other obstructions are 
attached. On slate roofs with a slope of 2 horizontal to 1 
vertical, the snow will not accumulate to any material 
thickness. 

The normal wind load is usually computed by Button's 
formula u^ =^ u sin oc im cos « — i where u^ = pressure due 
to wind normal to roof surface u = horizontal pressure of 
wind in pounds per square foot, a = inclination of the roof 
to the horizontal in degrees. 

Taking the horizontal pressure at 30 pounds per square 
foot we derive the following normal pressure per square foot 
of roof surface : 

iDcllnation. Pressure. Inclination. Pressure. Inclination. Pressure. 

5° 3.9 lbs. 25° 16.9 lbs. 45° 27.1 lbs. 

10° 7.2 " 30° 19 9 " 50° 28 6 " 

15° 10.5 " 35° 22.6 " 55° 29.7 " 

20° 13.7 " 40° 25.1 " 60° 30.0 " 
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SHAFTING OF STEEIi OR WROUGHT IRON. 

The resistance to shearing averages about ^ of the 
tensile strength, t. e . about 40,000 lbs. for wrought iron, 
or 50,000 lbs. for soft steel, per square inch of section. 

The torsional resistance of any shaft can be determined 
when the shearing resistance is known ; thus 

T= .196 (p8 for round shafts, (a) 

r= .28 <P« for square shafts. (6) 

d = diameter of the shaft in inches. 

« = shearing strength in pounds per square inch. 

T= the torsional moment in inch-pounds ; that is, the force 

in pounds multiplied by the length in inches of the 

lever through which the force acts. 
Taking s at 40,000 and 50,000 lbs., respectively for iron 
and steel, and assuming that in machinery the working 
value should be between one-fourth and one-fifth of the 
ultimate strength — adopting the mean — makes the working 
resistance to shearing 9,000 lbs. per square inch for iron, and 
11,200 lbs. per square inch for steel. Putting this in terms 
of the torsional moment and diameter, we derive from equa- 
tions a and h 

r = 1760 d* for round iron shafts, (c) 

T = 2200 d^ for round steel shafts, (d) 

T — 2520 d® for square iron shafts, \e) 

T -= 3 1 50 ^8 for square steel shafts, (/) 






d = -^/ooob ^^^ round steel shafts, 

d = -% LigoQ ^^^ square iron shafts, (i) 

d = \/ QT5Q for square steel shafts. 

These formulae apply to shafts subject to twisting strains 
alone. In practice, however, such cases seldom occur, as 
shafts are generally subjected to combined bending and 
twisting strains. As there are no experimental data for 



(*) 
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such ft combination of forces, we have to rely on analysis, 
which gives the following : 

T^ = if + >/ 3P + T' (0 

M = bending moments in inch -pounds. (See page 218.) 
T = twisting 

T^= a new twisting moment which, substituted for T in 
equations ^ to ^, will give the desired proportions 
for the shaft. 

In revolving shafts the longitudinal stress resulting from 
the bending action is continually changing from tension to * 
compression, and vice versa. 

It is therefore advisable, for reasons given on page 22, to 
increase the factor of safety as the bending stress increases 
comparatively to the torsional stress. 

The following changes in factors of safety are recom* 
mended : 



Ratio cfM to T. 


Factor qf Safety. 


Divisor in FormuloB. 


{g) for Iron. 


(A) for Steel, 


if— .3 Tor less, 

3f— .6r " 

M— T 

M=— greater than T, 


4} 
6 

6 


1760 

1570 
1430 
1310 


2200 
1960 
1790 
1640 



HORSE.POT^TER. 

If it is desired to find the relations between horse-power 
and diameters of shafts, the elements of time and velocity 
have to be considered. Taking the horse-power HP at 

396,000 inch-lbs. per minute, we have gp= ^-28 X^ ^ 



396,000 
(m) 



where F= revolutions per minute. 

^_ 63,057 HP 

^ V ' 
or in terms of the diameter by equation {d) we get for shafts 
of medium steel 

d = yj — y- . (o) 
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The above will give the proper diameter of a shaft for 
transmitting any desired HP when the shaft is subjected to 
twisting stress alone ; but since, as previously stated, such a 
case seldom occurs, we must combine the bending and 
twisting stresses, for which a general rule will be given at 
the close of the subject. 

DEFLECTION OF SHAFTING. 

• 

As the deflection of steel and iron is practically alike 
under similar conditions of dimensions and loads, and as 
shafting is usually determined by its transverse stiffness 
rather than its ultimate strength, it follows that nearly the 
same dimensions should be used for steel that are found 
necessary for iron. 

For continuous line shafting used for transmitting power 
in shops, factories, etc., it is considered good practice to limit 
the deflection to a maximum of y^ of an inch per foot of 
length. The weight of bare shafting in pound8= 2.6 dH= TF, 
or when as fully loaded with pulleys as is customary in 
practice, and allowing 40 lbs. per inch of width for the 
vertical pull of the belts, experience shows the load in 
pounds to be about 13 cPl = W. Taking the modulus of 
transverse elasticity at 26,000,000 lbs., we can derive from 
the authoritative formulse the following : 

I = fS73(JP for bare shafts (p) 

I = fnbd^ for shafts carrying pulleys, etc., (r) 

which would be the maximum distance in feet between bear- 
ings for continuous shafting subjected to bending stress alone. 
If the length is fixed, and we desire the diameter of the 
shaft, we have. 



-\wi 



d=\ 373 for bare shafting. (s) 






d=\l J75 for shafting carrying pulleys, etc. (t) 

To apply the above to revolving shafting subjected to both 
twisting and bending stress, it is necessary to combine equa- 
tions (p) and (r) with equation (0). 
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But in shafting, with the same transmission of power, the 
torsional stress is inversely proportional to the velocity of 
rotation, while the bending stress will not be reduced in the 
same ratio. It is, therefore, impossible to write a formula 
covering the whole problem and sufficiently simple for prac- 
tical application, but the following rules are correct within 
the range of velocities usual in practice. 

WORKING FORMULiB FOR CONTINUOUS 

SHAFTING. 

For the diameter (d) in inches, and the maximum length 
(l) in feet between bearings of steel or iron shafting so pro- 
portioned as to deflect not more than yj^ of an inch per foot 
of length, allowance being made for the weakening effect of 
key seats, 



d=\f- 



y — for bare shafts, (u) 

'/70 HP 
d = -^ — y- for shafts carrying pulleys, etc., {v) 

I = f720cP for bare shafts, (w) 

I = ^140 cP for shafts carrying pulleys, etc., (x) 

The moment of resistance of round shafts for bending is 
one-half of the resistance for twisting strains. 
The resistances are simply and accurately expressed thus: 

AD AD 

Jf = -g- and T = —^ for solid shafts. 

M= — g^ — and T= — ^n — for hollow shafts. 

D being full diameter and A corresponding area, d is the 
internal diameter and a corresponding area. 

BELTING. 

When designing shafting, allow for the tension of belting, 
60 lbs. per inch of width for single leather belt or its equiva- 
lent, or 80 lbs. per inch of width for double leather belt, or 
its equivalent of other material. 
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WORKING PROPORTIONS FOR 
CONTINUOUS SHAFTING. 

MXa[>II7M STEEIi. 

Transmitting power, but subject to no bending action except its own weight 



TMafn- 


MaxifMon 

Torsional 
Moment in 

Ibot 
Ftfundt. 




RevotvUtOM per . 


MinuU. 




MaxSmmi 


eter of 

Shaft in 

Inchu. 


103 


150 


aoo 


250 


300 


Ditianee 
in Feet 
Between 


HP 


HP 


HP 


HP 


HP 


Bearing*. 


l\ 


618 


7 


10 


14 


17 


20 


11.7 


1% 


786 


9 


13 


17 


21 


26 


12.4 


\\ 


982 


11 


16 


21 


26 


32 


13.0 


l'^/8 


1208 


13 


20 


26 


33 


40 


13.6 


2 


1467 


16 


24 


32 


40 


48 


14.2 


2^ 


1758 


19 


29 


38 


48 


58 


14.8 


2^ 


2088 


23 


34 


46 


57 


68 


15.4 


2% 


2457 


27 


40 


54 


67 


80 


16.0 


2\ 


2865 


31 


47 


63 


78 


94 


16.5 


2^4 


3896 


42 


62 


83 


102 


124 


17.6 


3 


4950 


54 


81 


108 


134 


162 


18.6 


3^ 


6293 


69 


103 


137 


172 


206 


lfi.7 


3^ 


7860 


86 


129 


172 


215 


258 


20.7 


Z\ 


9668 


105 


158 


211 


264 


316 


21.6 


4 


11733 


128 


192 


256 


320 


384 


22.6 
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WORKING PROPORTIONS FOR 
CONTINUOUS SHAFTING. 

MEDIUM ST£iX. 

Transmitting power, and subject to bending action of pulleys, belting, etc 



IHain- 


Maximum 

Safe 
Torsional 
Moment in 
Foot- 
pounds. 




Revolutions per . 


Minute. 




Maximum 


eterof 
Shqft in 
Inches. 


100 


150 


200 


25D 


300 


Distance 
in Feet 
Between 


HP 


JTP 


HP 


HP 


HP 


Bearings. 


iHi 


618 


5 


7 


10 


12 


14 


6.8 


1% 


786 


6 


9 


12 


15 


18 


7.2 


1^ 


982 


8 


11 


15 


18 


22 


7.5 


1% 


1208 


9 


14 


19 


23 


28 


7.9 


2 


1467 


11 


17 


23 


28 


34 


8.2 


z^ 


1758 


14 


21 


27 


34 


42 


8.6 


2^ 


2088 


16 


2ii 


33 


41 


48 


.8.9 


2% 


2457 


19 


29 


38 


48 


58 


9.2 


2^ 


2865 


22 


33 


45 


55 


66 


9.6 


2% 


3896 


24 


36 


48 


60 


72 


10.2 


3 


4950 


39 


58 


77 


96 


116 


10.8 


^ 


6293 


49 


74 


98 


123 


148 


11.4 


3^ 


7860 


61 


92 


123 


153 


184 


12.0 


3% 


9668 


75 


113 


151 


188 


226 


12.5 


4 


11733 


91 


137 


183 


228 


274 


13.1 
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Df AMETKB IN INCHES FOR BOUND STEEL 

SHAFTS. 

PROPOBTIONBD FOB BESISTANCK TO TOBSION, WITH 
THB LIMITATIONS D180BIB1BD ON OPPOSITE PAGE. 







a; 


Diameter in 
IncheM for 
Oonditums 
Described. 




a; 




Diameter in 
Inches for 
Conditions 
Described. 


li 




No.l. 


No.i. 


No. 5. 




No.l. 


1 
No. 1. 1 No. 9. 

1 


500 


.095 


2.4 


2.6 


2.9 


15000 


2.855 


5.7 


6.2 6.8 


600 


.114 


2.6 


2.8 


3.0 


18000 


3.425 


6.0 


6.5 


7.1 


800 


.152 


2.8 


3.0 


3.3 


21000 


3.996 


6.2 


6.7 


7.4 


1000 


.190 


2.9 


3.2 


3.5 


25000 


4.757 


6.5 


7.0 


7.7 


1200 


.228 


3.0 


3.3 


3.6 


30000 


5.709 


6.8 


7.4 


8.1 


1500 


.286 


3.2 


3.5 


3.8 


35000 


6.660 


7.1 


7.6 


8.4 


1800 


.343 


3.4 


3.6 


4.0 


40000 


7.612 


7.3 


7.9 


8.7 


2100 


.400 


3.5 


3.8 


4.2 


45000 


8.563 


7.5 


8.1 


9.0 


2500 


.476 


3.7 


3.9 


4.3 


50000 


9.515 


7.7 


8.4 


9.2 


3000 


.571 


3.8 


4.1 


4.6 


60000 


11.418 


8.1 


8.7 


9.6 


4000 


.761 


4.1 


4.4 


4.9 


70000 


13.321 


8.4 


9.1 


10.0 


5000 


.952 


4.4 


4.7 


5.2 


80000 


15.224 


8.7 


9.4 


10.3 


6000 


1.142 


4.6 


4.9 


5.4 


90000 


17.127 


9.0 


9.7 


10.6 


8000 


1.522 


4.9 


5.3 


5.8 


100000 


19.029 


9.2 


9.9 


10.9 


10000 


1.903 


52 


5.6 


6.1 ' 


120000 


22.835 


9.6 


10.4 


11.4 


12000 


2.284 


5.4 


5.8 


6.4 


150000 

1 


28.544 


10.2 


11.0 


12.1 
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TORSIONAL STIFFNESS OF SHAFTS 

Torsional elasticity is calculated from the following 
formulse : m 7 

X = length of arc of deflection, for a unit of length and 

unit radius. 
T = moment of torsion. 
I = length of shaft subject to torsion. 
Tp ^ polar moment of inertia of cross-section. 
E^ =1 modulus of torsional shear = ^ of the modulus of 

elasticity or about 11,60Q,000 pounds for steel shafts. 

From this is obtained the ancle of torsion in degrees Ffor 

each foot of length L for steel shafts of diameter "d" in 

inches : rp t 

y = -xoo-i ji. for round shafts. 
1661 a* 

T It 

V = oQo/A j4 for square shafts. 

The amount of torsional yield or twist permissible is 
obtained by exj^erience and depends on the service to 
which the shaft is subjected. The following is considered 
good practice within the limits of length usual in ordinary 
practice : 

PERMISSIBLE TWIST PER FOOT OP LENGTH. 

No. 1. .10 degree for ordinary service, no violent fluctua- 
tions. 
No. 2. .075 degree with fluctuating loads, suddenly applied. 
No. 3. .050 degree when suddenly reversed under full load. 
These give, when applied to the foregoing rule, for round 
steel shafts diameter d in inches for torsional moments T in 
inch pounds or for 

H. P. horse-power in foot pounds per minute 

E, P. M. number of revolutions per minute 

N0.I. d=. 278 ^^=4.4 ^^^ 
No. 2. d = .30 ^^=4.75^^^ 

N0.3. <f = .33 ^^'=5.23^^?^ 

The table on opposite page gives diameters for shafts corre- 
sponding to given torsion moments or power transmission, 
and for the three cases of limitation of twist described above. 

If the shaft is subjected to bending stress in addition to 
twisting, it should be reinforced as previously described. 
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PENCOYD TUBNTABLES. 



LONGITUDINAL SECTION AT CENTER. 




TRANSVERSE SECTION AT CENTER. 




END VIEW WITH 

T 


t 




^-J 




M 



PENCOTD TURNTABLES. 

The Pencoyd Standard Turntable is entirely centre bear- 
ing, resting on three discs of sufficient diameter to distri- 
bute the pressure, the upper and lower discs are hardened 
steel, the middle disc is phosphor bronze, or steel if de- 
sired. The discs are placed in an oil box, a steel casting, 
which is bolted to a cast-iron base. 

The pivot is made of cast-steel, and fits between the two 
upper cross channels, through which pass the two sus- 
pending bolts. 

The four end truck wheels, which simply steady the table 
in turning, are made of chilled cast-iron. These wheels 
should always clear the circular track rail about one inch 
when the table is level and unloaded, as the engine and 
tender should be carried entirely on the centre discs. 

This turntable can be easily revolved by two men when 
loaded with the heaviest engine and tender. 

DIMENSIONS OP PENCOYD STANDARD TURNTABLES, 
IN FEET AND INCHES. 





Length 

of girder 

cut 

to out. 


Diam. 

of 

pU. 

50.8 

5.58 
55.8 
60.8 
60.8 
65.8 
65.8 
75.8 


Diam. 

of 

circular 

track. 


A 

Diam. 

of 
center 
discs. 

7" 
7" 
7" 
7" 
7" 
7" 
8" 
9" 


B 


Depth 
from top 

cJiord 
angles to 

top of 

circular 

fyradtrail. 


c 




aize. 


Depth 
from top 
chord 
angles to 
topqf 
center 
stone. 


Depthqf 
Oirder 

in center 
back to 
baekcf 
angles. 


Total 

weight 

in 

lbs. 


50' 

56' 

55' heavy 

60' 

60' heavy 

65' 

66' heavy 

76' 


50.0 
56.0 

55.0 
60.0 
60.0 
65.0 
65.0 
75.0 


47.8} 

52.7} 

52.7} 

67.7 

67.7 

62.6} 

62.6} 

72.6i 


3.9} 
3.9} 
3.9} 
3.9} 
3.9} 
3.9} 
3.9} 
5.7} 


2.1} 
2.1} 
2.1} 
2.1} 
2.1} 
2.1} 
2.1} 
3.0} 


4.6} 
4.6} 
4.6} 
4.6} 
5.0} 
4.6} 
5.0} 
5.0 


25200 
26800 
28400 
34000 
37800 
36000 

39500 
61000 
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AIAXIMUM BENDING MOMENTS ON PINS, 

With Extskms Fib&s SntAixfl 
Vabtino fbom 15,000 to 25,000 PomnM pn Squabx Ikch. 



Diameter 


Area<^ 
Pin in 

Inches. 


MmentM in Inch-Pound* for Fibre JSlraku qf 


Diameter 


0/ Pin in 
Inches. 


15,000 Ihi, 

per 
8q. Inch, 


20,000 Ibt. 

per 
Sg. Inch, 


22,000 Ibi. 

per 
8q, Inch. 


25,000 »«. 

per 
Sq.IndL 


qf Pin in 
Inehet, 


I 

1% 


0.785 
0.994 
1.227 
1.485 


1470 
2100 
2880 
3830 


1960 
2800 
3830 
5100 


2160 
3080 
4220 
5620 


2450 
3500 
4790 
6380 


1 
1% 


1^ 

1% 

1% 


1.767 
2.074 
2.405 
2.761 


4970 
6320 
7890 
9710 


6630 

8430 

10500 

12900 


7290 

9270 

11570 

14240 


8280 
10500 
13200 
16200 


1^ 


2 
2^ 

2^ 

2% 


3.142 
3.547 
3.976 
4.430 


11800 
14100 
16800 

moo 


15700 
18800 
22400 
26300 


17280 
20730 
24600 
28900 


19600 
23600 
28000 
32900 


2 

2^ 
2^ 

2% 


2\ 

27/8 


4.909 
5.412 
5.940 
6.4^ 


23000 
26600 
30600 
35000 


30700 
35500 
40800 
46700 


33700 
39000 
44900 
51300 


38400 
44400 
51000 
58300 


2^ 

2^ 

2f% 


3 

3^8 

3% 


7.069 
7.670 
8.296 
8.946 


39800 
44900 
50600 
56600 


53000 
59900 
67400 
75500 


58300 
65900 
74100 
83000 


66300 
74900 
84300 
94400 


3 
3^ 


3^ 
3% 
3% 
37/8 


9.621 
10.321 
11.045 
11.793 


63100 
70100 
77700 
85700 


84200 

93500 

103500 

114200 


926db 
102900 
113900 
125600 


105200 
116900 
129400 
142800 


3^ 

3% 
3% 

37/8 


4 

4^ 
4% 


12.566 
13.364 
14.186 
15.033 


94200 
103400 
113000 
123300 


125700 
137800 
150700 
164400 


138200 
1^1600 
165800 
180800 


157100 
172300 
188400 
205500 


4 

4% 
4)4 

4% 


4^ 

4% 

47/8 


15.904 
16.800 
17.721 
18.665 


134200 
145700 
157800 
170600 


178900 
194300 
210400 
227600 


196800 
213700 
231500 
250200 


223700 
242800 
263000 
284400 


4^ 
4% 
4% 

4% 


5 
5% 


19.635 
20.629 
21.648 
22.691 


184100 
198200 
213100 
228700 


245400 
264300 
284100 
304900 


270000 
290700 
312500 
335400 


306800 
330400 
355200 
381100 


5 

5>4 
5% 


5^ 

5^/8 


23.758 
24.850 
25.967 
27.109 


245000 
262100 
280000 
298600 


326700 
349500 
373300 
398200 


359300 
384400 
410600 
438000 


408300 
436800 
466600 
497700 


5^ 

5% 
5^ 
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MAXIMUM BENDING MOMENTS ON PINS, 

With Eztbemb Fibre Strains 
Vabyino pbom 15,000 TO 25,000 Pounds pbb Square Inch. 



Diameter 
if Pin in 
Inches. 



6 
6^ 

6% 
6^ 

6% 
67/8 

7 
7% 

T\ 
77/8 

8 

8^ 

«^ 



8^ 

87/8 
9 

9% 
9% 



97/8 

10 
1014 
10% 
10% 

11 

1134 

11^ 

12 



Area of 
IHn in 

So, 
Inches. 



2S.Z7A 
29.465 
30.680 
31.919 

33.183 
34.472 
35.785 
37.122 

38.485 
39.871 
41.282 
42.738 

44.179 
45.664 
47.173 
48.707 

50.265 
51.849 
53.456 
55.088 

56.745 
58.426 
60.132 
61.862 

63.617 
65.397 
67.201 
69.029 

70.882 
72.760 
74.662 
76.590 

78.54 
82.52 
86.59 
90.76 

95.03 

99.40 

103.87 

113.10 



Moments in Inch-Pounds for Fibre Strains of 



15,000 lbs. 

per 
Sq Inch. 



318100 
338400 
359500 
381500 

404400 
428200 
452900 
478500 

505100 
532700 
561200 
590700 

621300 
652900 
685500 
719200 

754000 
789900 
826900 
865100 

904400 

944900 

986500 

1029400 

1073500 
1118900 
1165500 
1213400 

1262600 
1313100 
1364900 
1418100 

1472600 
1585900 
1704700 
1829400 

1960100 
2096800 
2239700 
2544700 



20,000 lbs. 

per 
Sq. Inch. 



424100 
451200 
479400 
508700 

539200 
570900 
603900 
638000 

673500 
710200 
748J 
12ni 

828400 
870500 
914000 
958900 

1005300 
1053200 
1102500 
1153400 

1205800 
1259800 
1315400 
1372500 

1431400 
1491900 
1554000 
1617900 

1683400 
1750800 
1819900 
1890800 

1963500 
2114500 
2273000 
2439300 

2613400 
2795700 
2986300 
3392900 



22,000 lbs, 

per 
Sq. IncK 



466500 
496300 
527300 
559600 

593100 
628000 
664200 
701800 

740800 
781200 
823000 
866300 

911200 

957500 

1005300 

1054800 

1105800 
1158500 
1212800 
1268800 

1326400 
1385800 
1446900 
1509800 

1574500 
1641100 
1709400 
1779600 

1851800 
1925900 
2001900 
2079900 

2159900 
2325900 
2500200 
2683200 

2874800 
3075400 
3284800 
3732200 



26,000 lbs. 

per 
Sq. Inch. 



530200 
564000 
599200 
635900 

674000 
713700 
754800 
797500 

841900 
887800 
935300 
984500 

1035400 
1088100 
1142500 
1198700 

1256600 
1316500 
1378200 
1441800 

1507300 
1574800 
1644200 
1715700 

1789200 
1864800 
1942500 
2022300 

2104300 
2188500 
2274900 
2363500 

2454400 
2643100 
2841200 
3049100 

3266800 
3494800 
3732800 
4241200 



Diameter 

of Pin in 

Inches. 



6 

6^ 

6^ 



6^ 
6% 
6% 
67/8 

7 

Z> 

7% 

7^ 
7% 

r\ 
77/8 

8 

8^ 
8^ 
8% 

8^ 

8% 
8% 
87/8 

9 

9^4 
9% 

9^ 

9% 
9% 

97/8 

10 
10^ 
10^ 
10% 

11 

11% 

11^ 

12 
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Z" TO O" DIASIBTBB. 

.... .i g 



y^r^t 



'd'ti' 



%H 



m 



Dch har lockeil logetliet 



STANDARD COTTER PINS FROM 
1' TO Sr DIASfETElR. 




Length ora- aS M 



7^" 



■•■■j£nglh under Htad L- 



DKmettr 


1 

1 


1 

i 

1 


1 
1' 


i' 


i 

1 


1 


1 


i 


i 


1 


I^ 


1JJ3 


0.03 


l-i 


^ 


AiA 


G+ % 


G+ '^ 


ill) 


1 


1^ 


\Z, 


1.28 


0.03 


.=. 


■4 


ftiA 


G+ % 


G+ '% 


J,2 


"4 


i\ 


1.50 


1.53 


0.03 


l\ 


■4 


AjA 


G+ % 


G + 1 


A«2l 


IV, 


1% 


l-TC 


1.78 


0.03 


2 


■i 


AxA 


0+ % 


G + 1 


A«2| 


lli 


2 


ZOO 


2.03 


0.03 


s% 


% 


IM 


G+ % 


+ 1^4 


i.3 


2 


n. 


i2S 


22S 


0.03 


«. 


% 


i.t 


G+ % 


G + l\ 


1.31 


2.4 


2% 


2.50 


2.53 


0.03 


2?. 


^ 


.xA 


G + l\ 


G + li*j 


fti3i 


2V, 


Si 


2.75 


2.78 


0.03 


3S> 


'k 


IxA 


G + II4 


G + l'i 


A-4 


214 


3 


3.x 


3.03 


0.03 


3V. 


■4 


i>A 


G + 1% 


G + \\ 


1"5 


3 


3^ 


3.25 


3.28 0.03 


Mi 


■4 


i«A 


G + 1% 


G + l'^ 


lis 


314 


a^ 


3.50 


a53 0.03 


4 


■4 


JxA 


GtHi 


G + 2^ 


!■« 


iP4 


3^ 


3.75 


aTS 0X13 


*4 


■4 


JiA 


G + l'J, 


G+2^ 


ii6 


«. 



PENCOVD STEEL SLEEVE NUTS. 




SbuM Ban. 

• 


"'■'"' 


t.1. 


1 


> 


1' 


F 


i 


1 


IJ 


J>lam. Aria. 


suu. 




'■ 


T. 


z 




c. 

1% 


A 


£»r 




% 


0.563 


11,. 4 


1^ 


3^ 


ii„ ! o.eoi 


% 


0.766,1";, I 4 


1*. 


T^ 


a 


a* 


1% 


A 


4 


1 0.78S: 




:! 


8 


i?fe 


i»f 


1% 


Ik 


i**. 


\\ 0,9M 1 


l.OOOil',^ I 4 ; 2 


B 




21i 


1% 


% 


6S 


1'^ 1.227 1\ 


1.266:1^ I i% 2\ 


H", 


«, 


3A 


'% 


A 


B 


l»b 1.435 1 \l\ I >,\ 2\4 


8V, 


as, 


3A 


1\ 


A 


Si^ 


l\ ; I,5631T'ai4'lj 3V. 


9 


3* 


»* 


"■* 


•fe 


lU 


I'lj 1.767 I'^i, , 1.8912 1 5 \2\ 


H 


3t, 


3% 


2t, 


■.1 


11 


\\ 2,074 


1 !2'«>5 12^4 


9"*. 


3', 


*A 


»* 


A 


14 


1''4 


2.40i) 


llh 


2.25021415 U'4 


H^ 


3',, 


4A 


2*, 


A 


15 




^./Bl 


1'^. 


2.641 2afei5V 3 


.0 




4"*^ 


»», 


's 


IR 




-.LU'A 


I'^l 


3.063 2ii.i5V 3 




St, 


4'i. 




% 


19 


a'rt 


3.547| 


2^, » BSj! Sly 


.ah. 


«l 


4H 


Z(, 


« 


•£i 




\i% 


3.51621,16 3^;, 


.m. 


41. 


4H 


"». 


H 


21 


■-I'ii 


3,976 2 


4.0002^ai6 31.^ 'u 


4^ 


«. 


St, 


■1. 


27 


1?\h 


4.430, 21^ 


4.5163 16 ,31*2 11 


i% 


s% 


3<, 


'i 


28 


2ii. 


4.909, 


3>^i6i^, 3^4,11". 


i, 


»H 


St. 


H 


34 


2^ 




5.0633i'.ii6iii 3\ Uh^ 


5 


SH 


Wk 


H 


\t> 


a^4 


5.M0 


3^ I 7 ■ 4 ,12 


fA* 


b^ft 


3% 


'/■ 


;« 




1 ^ 


5.6413'.. 1 7 '4 12 


«, 


e'. 


n, 




40 


2'/H 


6.492 2',j 


e,2503'%<iB 4^ 112"^ 


K, 


m 


s% 


« 


4b 


3 


7.069 


3^"^ I 8 4^14 !l2'i2 


Hf 


«H 


■M, 


H 


47 


3^ 


7,670 2^H 


B.8913^t,iS ■ 4itj '13 


»'l, 


■It, 


4t 


1 


52 


'6\ 


B.296 2-^ 


7.5634 IS ,41^:13 


n^ 


■'•m 


4^4 


I 


bb 


■d\ 


a,M6, Z^H 


8,266!4'^i9 \i\\\3H, 


th. 


■'.V 


4%!/. 


ib 


a'% 


10,320 


'■i 


9,000 


• ■i.s 


b 


H 


6«. 




4^1^ 


Hi 


75 



r 



PESNOOTD ST££L CLEVISES. 

Pboportionbd Aocobding to Pencotd Specifications. 



^e 9" 



! 





1 



Distance Xcan be made to suit connections.— All dimensions in inches. 



II 


i2od. 


Max. 
Fin, 


UpuU 


IWo- 

meterof 
Clevis. 


i^brik. 


iV^/. 


H^<A. 


Thiek- 
neas. 


ii 




1 


P. 
1\ 


u. 


D. 
3^ 






W. 
1\ 


T. 


5> 


1^x4 




i^ 


'!i^ 


2 


1^x4 


3^ 


1% 


1% 


1% 


\ 


9 


3^8 


% 


2 


1^8X4 


3^ 


1% 


1% 


1% 


\ 




fh 


J> 


2^ 


1% X 41^ 


4^ 


2 


2 


2 


% 




f^ 


i^ 


2^ 


l%x4^ 


4^ 


2 


2 


2 


% 


12^,^8 


f^ 


1 


2^ 


1^x4 


4^ 


2 


2 


2 


% 


4^ 


% 


2^ 


1^4x4 


4^ 


2 


2 


2 


% 




5 


1% 


2\ 


2x5 


5 


2> 


2\ 


2^ 


% 




5 


J> 


2\ 


1% X 4^ 


5 


2^ 


2\ 


2^ 


^ 


14 


5 


i^ 


2^ 


l%x4^ 


5 


2^4 


2> 


2\ 


% 


Irx 


5 


1 


3 


1^x4 


5 


2\ 


2^ 


2\ 


% 




f^ 


1% 


2^ 


2%x55;t2 


5^ 


2\ 


2^ 


2\ 


% 




!> 


l^ 


2\ 


2^x5 
2x5 


&h 


2^ 


2% 


2^ 


3* 


IQ 


&^ 


1% 


3 


5^ 


2^. 


2^ 


2^ 


% 


X9 


5^ 


1\ 


3^ 


1% X 4^ 


5^ 


2^ 


2^ 


2^ 


% 




6 


}^ 


2^ 


2^x5^ 


6 


2^4 


^ 


2% 


^ 




6 


1% 


3 


2%x5^ 


6 


2\ 


2% 


2% 


5^ 


P*^ 


6 


^i^ 


3^ 


2^x5 
2x5 


6 


2% 


^ 


2% 


3^ 


dj 


6 


1% 


3^ 


6 


2% 


2^ 


2% 


^ 




6^ 


1*^/8 


3 


2%x6 


6^ 


3 


3 


3 


I/« 




6^ 


1% 


3^ 


21;^ X 5^ 


6^ 


3 


3 


3 


% 


'V) 


6^ 


1% 


3^ 


2%x5i;i2 


6^ 


3 


3 


3 


% 


JU 


6^ 


1^ 


3\ 


2^x5 


6^ 


3 


3 


3 


% 




7 


2 


3 


2%z6 


7 


3^ 


3^ 


3^ 


% 




7 


1% 


3^ 


2%x6 


7 


3^ 


3^ 


3^ 


% 


39 


7 


1^ 


3% 


2^x5^ 


7 


3^ 


?> 


3J4 


!/« 


7 


1% 


4 


2%x5^ 


7 


3^4 


3^ 


3^ 


% 




7^ 


2?4 


3 


"Mt^ 


7^ 


3^ 


3^ 


3^ 


1 




7^ 


2^ 


Z\ 


7^ 


Z^ 


3^8 


3^ 


1 


49^,^ 


7^ 


2 


4 


27/8x6 


7^ 


3^ 


3^ 


3Hi 


1 


7^ 


1^/8 


4^ 


2%x6 


7^ 


3^ 


3^ 


3^ 


1 





The size of pin given for each combination of bar and clevis is the maxi- 
mum size allowed, and cannot be increased, but may be decreased. 
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PENCOYD STEEL EYE BARS. 



¥ 



W^MMtk •f tar. 



t—Miat •/ fin Ihl*. 




w 


t 

Minimum 

Thickness of 

Bar. 


D 


d 


Additional Length qf 


Width qf 


Diameter of 


Diameter cf 


Bar^Beyond Centre of 


Bar, 


Head. 


Largest Pin. 


Bye Required to JFbrm 








One Head. 


3' 


%" 


1" 


3" 


V 3" 


3' 


\" 


8" 


3^/8" 


V 5V 


4" 


\" 


9^^" 


4V 


V 7^" 


4" 


\" 


10i,i2" 


5^" 


1' 10" 


5" 
5" 


% 


11^" 


4}|" 
5U" 


r 9" 
2f 0%" 


6" 


V 


13^" 


5^" 


r 11" 


6" 


1" 


14^" 


6A" 


2f 2\" 


rj„ 


7/f' 


16" 


6H" 
7V 


Z 2%" 


1" 


w 


17" 


2' T\' 


8" 


1" 


17" 


6" 


2' 2%" 


8" 


lIV" 


18" 


7" 


2' 6' 


9' 
9" 
9" 

10" , 


iV 


18^" 


7^" 

• 


2' 9%" 










10'' 










10" 










12" 










12" 










12" 











Note. — Pencoyd eye bars are hydraulic forged, and are guarante-'d to 
develop the full strength of the bar, under conditions given in the above 
table, when tested to destruction. The maximum sizes of pins given in the 
above table allow an excess in sectional area of head on line " ss " over 
that of the body of the bar of 33 per cent, for diameters of pins, not larger 
than the width of the bar, and 36 per cent, for pins of larger diameter than 
the width of the bar ; the thickness of eye being the same as the thickness 
of the body of the bar, or not exceeding the same by more than -^ of an 
inch. 



The steel manufactured by us for the use of eve bars is open hearth steel, 
and will be furnished of such quality as to satisfy the demands of engineers. 



248 









1^ 

I 



&4 



So tySwji I S 



05 



I 









•%i}6u»j 



M/ppV 



•yintj 
fo Mqum/ii 



'pf>9jiyj; 

fOIOQ^fO 

vduy 






'po9J,yx 
fotoo^p 

J9t9tU1)i(J 



I 



Ml 






'pD9ff 

uo/ppy 



^««! 



III 












'pD9ff 

M/ppv 



"fe 



•5111 












g^a ^^ as ^\& gg 

ftft fct fc* it ife 

J2M» jp«*» 3SdP d2dP ofc'^S 

^■^ tnio' lAio <ob^ b-w 

^> rfPft ft e^ e5* J^ ;^ft 

CO^ ^lO lOlO io<o tot^ 

^ > :. > >^ X dPft 

OO r-lfH r-IOI NCO CO ^ 

^^ F-F- o>o> »HiH ^cvj 

^^ ^^ ^^ ^^ ^<JCV1 

ft ft ft ft ft ft ft 

^ ^ ;^^ ^^ ;^ft ^d* 

^■^ coco coco coco cvjoa 

a>Q SQO o?2 »-'C!2 22iP 

fiCQ <SSfH tH'* ^«5 coi> 

t*«o ^lo lOJO a>a ^«i 

00^ lOCO «OI> 00O> r-liH 

ipiQ QJC» g>Q t-l> 0000 

t*^ oit^ t-O »-tco SSn 

r-l'^ COOO OOfH COiR P-O 

c4ci c4ci caco coco co^ 

"ft ft ft 

■42* «^ -^ 

rTft ft rT HT ^ * ^ * ^ 

lOCO (OCO <Ob<- 0000 OiOi 

HH HH HH HH HH 

ftft ftftftft ftft 

;^^ ft ^ ^^ e5*ft ^^ 

N C^] COCO COCO CO ^ ^^ 

^l" Is &^ 1^ r^ 

;h;h ;h;h ^^^^ ^i^i ^^^^ 

ftft ftft ftft ftft ftft 

^^ H2H2 s£lS '^HS JS'J^ 

coco iniO lOlO <DCO F-fc*- 

ftft ftft ftft 

0000 So bjSi ^^ t*t» 

ft~ft ^~^ ft~ft 

woD F-P- o>a) SJh w«i 

;h;h ;h;h ;h;h ;h;h ^^^J 

ftft ftft ftft ftft 

_^^ *y>wft) JgJjgl »£H» 

coco ^■^ ^■^ lOio coco 

ftft ftft ftft 

. ^ ^^ ;^;f^ ^^ ftft 

t-t- o>Oi fHi-i coco coco 

"ft ^ ft~ft ft~ft ft" ft ft"~ft 

-^s^ ;^o^ H^ <^ H:^ 

OO OO OO OO OO 

ft ft ft ft ft ft ft_ 

ft^g ft^g ft^^ ^^ g'g 

coro ^^ ibih «a> f^t* 
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ALLOWANCE FOB rPSETS ON SQUARE 
AND BOUND STEEL BABS. 
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ST^\NDABD PKAMING OF PENCOYD 
BEAMS AND CHANNELS. 




2 Angles 6" x S^" i A" z. 8". 



Nt=f 



seii 



7' 



J-.»- 



:MI 



S" 



10' 



■■ft+f-'-st-" 



2 Angles 6" x S^ti" i A" ^ 5*. 

8" 



i 


.»: ,tfis" 


E 


i> -it - ^ 


2A 


ngles6"i3Vi A"i5" 



2 Anglca 6' X 3V ^ iV ' 3"> 



a Angles 6" i 3V ^ A" Jt fi". ^ Angles 6" x 3V x A" » 3"- 



CONNECTIONS FOR BEAMS OF 
DIFFERENT DEPTHS. 

(Framing Opposite.) 







O O dB J pjo 

dodboo 



1? 



15" I and 12" I. 



12" I and 10" I. 



10" I and 9" I. 




r 



oo< 
6'6< 




)00 

)6"6 



e 



16" I and 10" I. 



12" I and 9" I. 



10" I and 8" I. 
9" I and 8" I. 




15" I and 9" I. 



12" I and 8" I. 




10" I and 7" I. 
9" I and 7" I. 
8" I and 7" I. 







15" I and 8" I. 



12" I and 7" I. 



10" I and 6" I. 
9" I and 6" I. 
8" I and 6" I. 




15" I and 7" I. 



12" I and 6" I. 



7" I and 6" I. 
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STANDARD SEPARATORS FOB PENCOYD 
X BKAMS. 



-M+i»#f^- 



/^l 


t. 

is 


iii 


BotU. 


li 


P 


Jn,M4. 


iii 


,..^. 


?3i- 


li 


24 


28.0 


4.50 


2 


% 


1.42 


124 


SO 


23.0 


3 


20 


2 


% 


1.35 


124 


18 


21.0 


3 


20 


2 


\ 


IJO 


124 


15 


14.75 


1 


90 


2 


\ 


1.20 


IZt 


12 


9.75 


1 


50 


2 


% 


1.14 


124 


10 


6.50 


1 


20 




% 


1.08 


121 


9 


5.75 


1 


10 




■It 


1.04 


124 


e 


4.50 


1 


00 




% 


1,01 


124 


7 


3,75 





90 




■\ 


0.95 


124 


6 


2.25 





65 




\ 


0.93 


124 


S 


2.00 





55 




% 


0.00 


124 


4 


U5 





45 




% 


0.80 


124 



CONNECTIONS OF FLOOR BEAU8 TO 
COLUMNS. 




CONNECTIONS OP FLOOR BBAItfS TO 

COLXnUNS. 




STANDARD AKGLE CONNECTIONS. 

The connections illustrated on preceding pages are propor- 
tioned, for a load uniformlv distributed over a minimum 
length of span as given below : 






24 
20 
20 
18 
18 
15 
15 
15 



6 Section Number. 

DO 


Minimum Safe 
Span in Feet. 


i 

1 

1 


1 


Minimum Sfjfe 
Span in Feet. 


1 

1 


1 

1 


19.0 












203B 


17.5 


12 


124B 


12.0 


a 


80B 


200B 


16.0 


12 


122B 


9.0 


7 


70B 


183B 


16.0 


12 


120B 


7.5 


6 


62B 


180B 


14.0 


10 


102B 


8.5 


5 


50B 


156B 


14.5 


10 


lOOB 


7.0 


4 


40B 


154B 


12.0 


9 


90B 


5.5 


3 


30B 


152B 


10.0 













1^' 



5.0 
40 
6.0 
4.5 
3.0 
2.0 



All holes il". 



All rivets J". 



When beams frame opposite each other into another beam 
or girder with web thickness less than t^'^, the above given 
minimum lengths of spans ought to be increased in the pro- 
porMon of the web thickness to ^i^^. 

These connections are based on shearing strains of 10,000 
pounds per square inch, and bearing strains of 20,000 pounds 
per square inch, when the length of attached beams corre- 
spond to the foregoing table, and extreme fibre stress of 
16,000 pounds per square inch at beam flanges. 



STANDARD SPACING of RIVETS THROUGH 
FLANGES OF Z BAR COLUMNS. 



Size of 

2 Bak 

6 inch. 
5 " 
4 " 

3 •' 



a. 


b. 


c. 


d. 


11 


"8^ 


"1% 


4 


10 


7^4 


1% 


3^ 


10 


7^4 


1% 


3^ 


8\ 


6V4 


1^ 


3 



2^ 
1% 
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JRIVET SPACING IN PENCOYD ANGLES. 

Spacing^ for Flans^es. Spaelnsf for Braces, Etc. 




2^1 a 




av» 



■ — n 




— OVa-- — d 



-?-V-?:i 










l^^SHE^I ^ 




^firJ V 





;'_j I 







a' 2^^ 








k — -**— - 














^ 



ZB» 



ill «i4 






I ,§ 



^t*P?Th> 



fMN 









i^ 



-^H> 



> 



TABIiE SHOWING LENGTH OF RIVET- 
SHANK REQUIRED TO FORM HEAD. 

PLAIN RIVETS. COUNTERSUNK RIVETS. 




c 



•Grip.- 



■ Length. • 



^ 






,1" 
I 



1 

1% 

l« 
1^ 
1^ 
IH 

SL 

2h 

2^11 
8 

s% 

SX 
SH 

4 

4^ 
4„ 



6 

6.V 

*4 



6» 



Diameter in Inches. 



% % % % 



Length in Inches. 



1% 
IK 

i^ 
ig 

2^ 

25i 
2Ji 
8 

SX 

SH 

85-s 
8% 

3)i 

4 
4>^ 

4?ir 
4^^ 
4^ 
4^ 

4% 
6 

6>4 

6^ 
6 

65i 



1% 


2 


^14 


2 


2X 


^yA. 


2>i( 


2^4 


2% 


2>4 


2% 


2>l^ 


2^ 
2>i 


2)i 

2^ 


25^ 

2»i 


2^ 


2^* 


2>^ 


2?i 


2;^ 


S 


8 


8>ir 


8^4 


a}i 


8*4 


8?i^ 


3U 


s% 


83^ 


sh 


8>i 


8% 


Shi 


8% 


8?i 


8*« 


85i 


8% 


8?4 


8/k 


4 


8>, 


4 


^y» 


4 


4)ir 


4U 


4>«' 


4>4 


4\ 


4'4 


4^„ 


4^^ 


4>. 


4>. 


4?^ 


4Ji; 


4?^ 


4% 


4?i 


4J« 


6 


4'fi 


6 


6>< 


6 


6>(^ 


6>4 


^H 


0^4' 


6% 


5U 


6.\^ 


ey^ 


&% 


6>^ 


aVn 


&y» 


6>i; 


6^4 


ay. 


fi'i 


6% 


6?:^ 


6>. 


6 


6>i 


6 


e'< 


6 


a>tf 


6>4 


e>i 


6?tr 


6M 


ey. 


6>^ 


6^^ 


ey. 


GK 


6?^ 


eys 


e>i 


6>i 


e% 


a% 


7 


0% 


7 


7.V 


7 


7Ji 


7.'4 



2Ji 

^X 

2>i 
2^ 

25^ 
2^ 
S 

8X 

8?^ 

8>| 
8^ 

3% 

3Ji 

4 

4>^ 

4>4 

4y» 

4ys 

6 

6 '4 
&% 

&% 

6% 
6 

6«4 

ex 

7 

7*4 

7?a 






1 

1% 
1^ 

^* 

2 

a>^ 

2»4 

2H 

2»i 
2^« 

8 

8K 
8 '4 

a}i 

ay^ 

sx 

ah 
4 

4>i^ 



4» 



4 



4.^ 
4-„' 
4?i 

4>ii 

6 

6^4 



Diameter in Inches. 



H % 



X 



h 



Length in Inches. 



a^i 
a\ 
a'i 

ah 



4>^ 
4>4 

^X 

4>i 
4?«' 
4iJi 

4% 
6 

6>4 



1% 

IX 

2 , 

2>8 



2)^ 
2^ 

2?i 
2h 

a 

ax 



iH 


"^X 


IX 


1^ 


IX 


IX 


IX 


IX 


IX 


IX 


IX 


IX 


1%' 


Vi 


2 


2 


2 


2^ 


2,V 


2X 


2»4 


2>4 


2>4 


2^.' 


2% 


2>^ 


zx 


2f^ 


2% 


2?ji 


2;'^ 


2'4 


2?i 


2^ 


2% 




2?^ 


8 


8 


8 


8S' 


ax 


8>^ 


8^4 


8^ 


s>i 


ax 


8\ 


8?ir 


ax 


8)^ 


ax 


ax 


8^„' 


8^^ 


ax 


ax 


8^4 


ax 


ax 


8% 


4 


^X 


4 


4V 


4»4 


4^^ 


4.^4 


4X 


4>i 


4% 


4X 


4>^ 


4H 


AX 


4>i 


4X 


4?4 


45i 


4X 


4% 


4^. 


4X 


6 


6 


6.V 


ax 


6>^ 


6^4 


5X 


6J^ 


&x 


5X 


6/^8 


&x 


&x 

5X 

5X 

&x 

6 

ox 

ex 

&x 



tx 

IX 
IX 



2 

iiX 

2X 

2% 

2X 

2X 

zx 

3 

ax 

8^4 

ax 
ax 

ax 

ax 
ax 

4 



*'4 

4?i 

4X 
4X 

4?i 

4>i 

6 

6>^ 

0?l 

6X 

5X 

&x 

5X 

ex 

ex 

ex 
ex 



1^ 



H 

X 
X 

X 

1 

IV 

IX 
IX 

IX 
IX 
IX 
IX 

2 

2,Vi 

2% 
2X 

2^8 

2>4 

2;^ 
8 

ax 
ax 

ax 

ax 

ay» 

3^ 
ax 

4 

4>^ 
4^ 

^X 

4X 

AX 

AX 
AX 

5 

&x 

6X 



For weight of rivets, see page 266. 
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V. 8. STANDARD SCREW THREADS. 







« • 



] 




nn 



ct| 



1 


ll 


1- 


-1 


6 


l> 



JfU. 






2 
21 

2l 

2| 

3 

P 

3| 
4 

4^ 

4i 



5 
5i 



6 



In*. 






Jru, 



20 




.185 


18 .240 


16 ' .294 


14 


.344 


13 


.400 


12 


.454 


11 


.507 


10 


.620 


9 


.731 


8 


.837 


7 


.940 


7 


1.065 


6 


1.160 


6 


1.284 


5i 


1.389 


5 


1.491 


5 


1.616 


^ 


1.712 


^ 


1.962 


4 


2.176 


4 


2.426 


33^ 


2.629 


34 


2.879 


3i 


3.100 


3 


3.317 


3 


3.567 


^ 


' 


3.798 


i 


■ 


4.028 


■ 


4.256 


^ 


4.480 


A 


■ 


4.730 


2 


. 


4.953 
5.203 


2i 


\ 


5.423 



.0062 
.0074 
.0078 
.0069 

.0096 
.0104 
.0113 
.0125 
.0138 

.0156 
.0178 
.0178 
.0208 

.0208 
.0227 
.0250 
.0250 

.0277 
.0277 
.0312 
.0312 

.0357 
.0357 
.0384 
.0413 

.0413 
.0435 
.0454 
.0476 

.0500 
.0500 
.0526 
.0526 

.0555 









.049 
.077 
.110 
.150 

.196 
.249 
.307 
.442 
.601 

.785 

.994 

1.227 

1.485 

1.767 
2.074 
2.405 
2.761 

3.142 
3.976 
4.909 
5.940 

7.069 

8.296 

9.621 

11.045 

12.566 
14.186 
15.904 
17.721 

19.635 
21.648 
23.758 
25.967 



S . 8 . 

I 



r 



In*. Ihs. 



6 . S . 



i^ I 



2-^ 

11 , 






In*. Int. Ins. , Ins. 



.027 
.04S 
.068 
.093 

.126' 
.162 
.202. 
.302 
.420 

.550' 

.694, 

.893! 

1.057| 

1.295 
1.515 
1.746: 
2.051' 



2.302 
3.023. 
3.719 
4.620 

5.428 
6.510 
7.548, 
8.641 



9.963 
11.329- 
12.753 
14.226 

15.763' 
17.572' 
19.267 
21.262 




28.274 23.098 



I' 

9J 



11 

9^,'l0iil2H 




5 
6 
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WEIGHTS OF BOLTS PER HUNDRED 

SQUARE HEADS AND NUTS. 

Dimensions in Inches. 



Diameter. 


% 
lbs. 

9.7 
10.5 
11.3 


lbs. 

20.4 
21.3 
22.4 


% 


\ 


% 
lbs. 


1 
lbs. 

145 


lbs. 


1\ 
lbs. 


1% 


1^ 


Length. 


lbs. 


lbs. 


lbs. 


lbs. 




37.0 
37.9 
39.9 


58.0 
60.8 
63.2 


97.7 






1^ 

2% 


12.1 
12.9 
13.7 


23.6 
25.0 
26.4 


42.0 
44.4 
46.2 


66.0 
69.0 
72.1 


101.6 
105.6 
109.7 


149 
153 
158 


• 








3 


14.5 
16.1 
17.7 


27.8 
30.6 
33.4 


48.3 
52.5 
56.7 


75.2 
81.4 
87.6 


113.8 
122.0 
130.2 


163 
174 
185 


240 
253 
267 


309 
325 
342 


350 
370 
390 


480 
500 
520 




19.2 
20.7 
22.2 


36.2 
39.0 
41.8 


60.9 
65.1 
69.2 


93.8 
100.0 
106.1 


138.4 
146.4 
154.9 


196 
207 
218 


281 
295 
309 


359 
376 
394 


410 
430 
450 


545 
570 
595 


6 
7 


23.7 
25.2 
26.7 


44.6 
47.4 
50.2 


73.4 
77.6 
81.8 


112.2 
118.3 
124.4 


163.2 
171.5 
179.8 


229 
240 
251 


323 
33"/ 
351 


412 
430 
448 


470 
490 
510 


620 
645 
670 


9 


28.2 
29.7 
33.1 


53.1 
56.0 
61.5 


86.0 
90.0 
98.0 


130.5 
136.6 
148.8 


187.1 
195.4 
212.0 


262 
273 
295 


365 
379 
407 


466 
484 
518 


530 
550 
590 


695 
725 
775 


10 
11 
12 


36.5 
40.0 
43.5 


67.0 
72.5 
78.0 


106.3 
114.6 
122.9 


161.0 
173.2 
184.4 


229.0 
246.0 
263.0 


317 
339 
361 


435 
463 
491 


552 
586 
620 


630 
670 
710 


825 
875 
925 


Additional 




I 






per Inch. 
Increase in 


3.1 


5.5 


8.7 


12.5 


17.0 


22.2 


28.1 


34.8 


42.0 


50.0 


Length 
























A 


mount 


I to be dt 


tductedj 
an 


^rom wei 

d Nuts ( 


ghisin 
ire usei 


i table 1 
i. 


i/Hezc 


igon H 


tads 



1.2 3.6 1 5.3 



12.0 


15.0 


21.0 


31.0 


42.0 50.0 



64.0 



^Ow 



WEIGBTT OF BRIDGE RIVETS PER lOO. 

This Table also Applies to Button-headed Bolts. 



Diameter 

qf Rivet in 

Inches. 

Length of 
Rivet Un- 
der Head 
in Inches. 

i^ 

2 
2 

23i 
2>i 
2^ 
2^ 
2% 
3 

%l 
IS 

8% 
3^ 



4>i 
4% 
4^ 

6 

e 

7 

8 

9 
lO 
12 



% 


^ 


% 


Weight 


Weight 


Weight 


in 


in 


in 


Founds. 


Pounds. 


Pounds. 


6.7 


12.8 


22.0 


e.l 


18.6 


23.1 


6.6 


14.2 


24.1 


6.9 


14.8 


26.2 


7.3 


16.6 


26.3 


7.7 


16.2 


27.4 


8.0 


16.9 


28.6 


8.4 


17.6 


29.6 


8.8 


18.8 


30.7 


9.2 


19.0 


81.7 


0.6 


19.7 


32.8 


10.0 


20.4 


88.9 


10.4 


21.1 


86.0 


10.8 


21.8 


86.1 


11.2 


22.6 


87.2 


11.6 


28.2 


88.8 


11.8 


28.9 


89.8 


12.8 


24.6 


40.4 


12.7 


26.8 


41.6 


18.1 


26.0 


42.6 


13.6 


26.7 


43.7 


13.9 


27.4 


44.8 


14.8 


28.1 


46.9 


14.7 


28.7 


46.9 


16.1 


29.4 


48.0 


16.6 


SO.l 


49.1 


16.8 


80.8 


60.2 


16.2 


31.6 


61.3 


16.6 


32.2 


62.4 


17.0 


82.9 


63.6 


17.4 


33.6 


64.6 


18.2 


36.0 


66.7 


19.0 


36.4 


68.9 


19.7 


37.8 


61.1 


20.6 


89.2 


68.2 


28.6 


44.7 


71.9 


26.8 


60.3 


80.6 


29.9 


66.9 


89.8 


83.0 


61.4 


98.0 


89.3 


72.6 


116.4 



\ 



in 
Pounds. 

29.3 
S0.9 
82.4 
S4.0 
86.6 
87.1 
38.7 
40.2 
41.8 
48.3 
44.9 
46.6 
48.0 
49.6 
61.1 
62.7 
64.8 
66.8 
67.4 
68.9 
60.6 
62.1 
68.6 
66.2 
66.7 
68.8 
69.9 
71.4 
73.0 
74.6 
76.1 
79.2 
82.8 
86.6 
88.6 
lOl.l 
113.7 
126.2 
138.7 
163.7 



% 


1 


1^ 


Weight 


Weight 


Weight 


in 


in 


in 


Pounds. 


Pounds. 


Pounds. 


43.9 


66.6 


98.8 


46.1 


69.4 


96.9 


48.2 


72.1 


100.4 


60.8 


74.9 


108.9 


62.6 


77.7 


107.4 


64.6 


80.6 


110.9 


66.7 


88.3 


114.6 


68.8 


86.0 


118.0 


61.0 


88.8 


121.6 


68.1 


91.6 


126.0 


66.2 


94.4 


128.6 


67.4 


97.2 


132.1 


69.6 


99.9 


186.6 


71.6 


102.7 


130.1 


78.7 


106.6 


142.6 


76.9 


108.3 


146.1 


78.0 


111.1 


149.7 


80.1 


118.8 


168.1 


82.8 


116.6 


166.7 


84.4 


119.4 


160.2 


86.6 


122.2 


168.7 


88.6 


126.0 


167.8 


90.8 


127.8 


170.8 


92.9 


180.6 


174.3 


96.0 


138.3 


177.8 


97.2 


136.1 


181.8 


99.3 


138.9 


184.9 


101.4 


141.7 


188.4 


103.6 


144.4 


191.9 


106.7 


147.2 


196.4 


107.8 


160.0 


198.9 


112.1 


166.6 


206.0 


116.8 


161.1 


213.1 


120.6 


166.7 


220.1 


124.8 


172.2 


227.1 


142.0 


194.6 


266.3 


168.9 


216.7 


288.4 


176.9 


239.0 


811.6 


193.0 


261.2 


339.7 


227.0 


306.7 


867.9 



1^ 



Weight 

in 
Pounds. 

127.1 
181.6 
186.8 
140.a 
144.6 
148.9 
168.2 
167.6 
161.9 
166.2 
170.6 
174.9 
179.3 
183.6 
188.0 
192.3 
196.7 
201.0 
206.4 
209.7 
214.1 
218.4 
222.8 
227.1 
281.4 
286.8 
240.1 
244.6 
248.8 
263.2 
267.6 
266.2 
274.9 
288.6 
292.3 
827.1 
361.9 
396.6 
431.4 
601.0 



WKIGHT OF TWO (9) BIYBT HEADS IN FOUNDS. 



Before driving.. 
After driving.... 



% 


^ 


% 


% 


% 


1 


1^ 


.037 
.032 


.116 
.082 


.222 
.147 


.273 
.246 


.463 
.369 


.78 
.646 


1.16 
.746 



1^ 

1.67 
1.02 



WEIGHT OF BODY FEB INCH OF liENOTH IN POUNDS. 



Before driving.. 



% 


^ 


% 


% 


% 


1 


1^ 


.OSl 


.056 


.087 


.126 


.170 


.223 


.282 



1^ 

.348 
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FENC07D SPECIFICATIONS FOR RAILROAD 

BRIDQES. 

Material.— 1. All structures to be wholly of rolled steel (cast- 
ings of iron or steel will be permitted only in machinery for 
draw-bridses ) 

live Load.— 2. They shall be designed to carry, in addition to 
their own weight and that of the floor, a moving load for each 
track, consisting of two engines coupled at the head of a uniformly 
distriouted train load, placed so as to give the greatest strain in 
each part of the structure. This load will be such as specified by 
the Railroad Company and represented on a diagram accompany- 
ing the specifications. 

Dead Lo^. — 3. In determining the weight of the structure for 
the purpose of calculating strains, the weight of timber shall be 
assumed at 4^ pounds per foot B.M., and the weight of rails, 
spikes, and joints at 100 pounds per lineal foot of track. 

Wind Pressure. — 4. The wind pressure shall be assumed acting 
in either direction horizontally : 

First. At 30 pounds per square foot on the exposed surface of 
all trusses and the floor as seen in elevation, in addition to a train 
of 10 feet average height, beginning 2 feet 6 inches above base of 
rail, moving across the bridge. 

Second. At 50 pounds per square foot on the exposed surface 
of all trusses and the floor system. The greatest result shall be 
assumed in proi)ortioning the parts. 

6. For determining the requisite anchorage for the loaded struc- 
ture, the train shall be assumed to weigh 800 pounds per lineal 
foot. 

Momentum of Train.— 6. For longitudinal bracing of trestle 
towers and similar structures, the momentum produced by sud- 
denly stopping the train shall be considered, the coefficient of 
friction of wheels sliding upon the rails being assumed as 0.2. 

Centrifugal Force of Train. — 7. When the structure is on a 
curve, the additional effects due to the centrifugal force of as 
many trains as there are tracks, shall be considered and calculated 
by the following formula : 

C= 0.02 WD for a curvature up to 5 degrees, 
C^ centrifugal force in pounds, 
where W= weight of train in pounds, 
D = degree of curvature. 

The coefficient for centrifugal force (0.02) shall be reduced 0.001 
for every degree of curvature above 5 degrees. 

PROPORTION OF PARTS. 

Efibot of Impact.—^. In proportioning the members of the 
structures, the effects of impact and vibration shall be considered 
and added to the maximum strains resulting from the above 
mentioned engine and train loads. The effect of impact is to be 
determined by the following formula : 

300 



/- 8 ( ^73oq ) (See Table, page 276.) 
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/= impact to be added to tlie live-load strain. 
/Sf = calculated maximum live-load strain, 
where L == length of loaded distance in feet which produces the 
maximum strain in member. 

Permissible Tensile Strains.— 9. All parts of the structure shall 
be so proportioned that the sum of the maximum loads, together 
with the impact, shall not cause the tensile strain to exceed : 
On soft steel, 15,000 pounds per square ;nch. 
On medium steel, 17,000 pounds per square inch. 

10. The same limiting unit strains shall also be used for mem- 
bers strained by wind pressure, centrifugal force, or momentum 
of train. 

Permissible Compressive Strains. — 11. For compression mem- 
bers, these permissible strains of 15,000 and 17,000 pounds per 
square inch, shall be reduced in proportion to the ratio of the 
length to the least radius of gyration of the section by the follow- 
ing formulse : 



For soft steel, p 



15,000 



1 + 



l' 



13,500r2 



For medium steel, p = ^^^^ 

1 + ' 



ll,000r2 



p = permissible working strain per square 

inch iu compression. 
I = length of piece in inches, centre to 

centre of connection, 
r = least radius of gyration of the section 

in inches. 

(See Table.) 

12. No compression member, however, shall have a length 
exceeding 100 times its least radius of gyration, excepting those 
for wind bracing, which may have a length not exceeding 120 
times the least radius of gj-ration. 

Alternate Strains. — 13. Members subject to alternate strains of 
tension and compression, shall be so proportioned that the total 
sectional area is equal to the sum of areas required for each strain. 

Combined Strains. — 14. In case the maximum strains in chords 
of bridges, or posts of trestle towers, due to wind and centrifugal 
force, added to the maximum strains due to vertical loading, (in- 
cluding impact), shall exceed the following limits : 

On soft steel, 19,000 pounds per square inch. 

On medium steel, 21,000 pounds per square inch, properly re- 
duced for compression, addition must be made to such members 
until these limits are not exceeded. 

15. Should the strains be reversed in any possible case^ proper 
provision must be made for such strains in the opposite direction. 

Transverse Loading of Tension or Compression Members. — 
16. When the floor system rests directly on the top or bottom 
chord, the latter must be so proportioned that the a^ebraic sum 
Qf the strains per S(]^u(^re inch on the outer fibre, resulting from 
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the direct compression or tension, and three-fourths of the maxi- 
mum bending moment (the chord being considered as a beam of 
one panel length, supported at the ends), shall not exceed the 
before-mentioned limiting strains in tension or compression, the 
proper amount of impact being added to each kind of loading. 

17. The bending moment at panel points shall be assumed equal 
to that in the centre, but in opposite direction. 

18. All other members which are subject to direct strain in 
addition to bending moment are to be similarly calculated. 

Shearing and Bearing Strains.— 19. l>he shearing strain on 
rivets, bolts, or pins, per square inch of section, shall not exceed 
11,000 pounds for soft steel, and 12,000 pounds for medium steel ; 
and the pressure upon the bearing surface of the- projected semi- 
intrados (diameter X thickness) of the rivet, bolt, or pin-hole, 
shall not exceed 22,000 pounds per square inch for soft steel, and 
24,000 pounds for medium steel. 

20. In case of field riveting by hand, the number of rivets thus 
found shall be increased 25 per cent. 

Bending Strains on Fins.— 21. The bending strain on the ex- 
treme fibre of pins shall not exceed 22,000 pounds per square 
inch for soft steel, and 25.000 pounds per square inch for medium 
steel, when the centres or bearings of the strained members are 
taken as the points of application of the strains. 

22. Net sections must be used in all cases in calculating tension 
members, and, in deducting rivet-holes they must be taken i of 
an inch larger than the size of the rivets. 

Plate Girders. — ^23. No allowance shall be made for the web in 
calculating the flange sections of plate girders. The compressed 
flange shall have the same sectional area as the tension flange ; 
but the unsupported length of flange shall not exceed twelve 
times ite width. 

24. In calculating shearing strains and bearing strains on web 
rivets of plate girders, the whole of the shear acting on the side 
of the panel next the abutment is to be considered as being trans- 
ferred into the flange angles in a distance equal to the depth of 
the girder. 

25. The shearing strain in web plates shall not exceed 9,000 
pounds per square inch for soft steel, and 10,000 pounds per 
square inch for medium steel ; but no web plate shall be less than 
I of an inch in thickness. 

26. The web shall have stifleners riveted on both sides, with a 
close bearing against upper and lower flange angles at the ends 
and inner edges of bearing plates, and at all points of local and 
concentrated loads, and also, when the thickness of the web is 
less than ^ of the unsupported distance between flange angles, 
at points throughout the length of the girder, generally not 
farther apart than the depth of the full web plate, with a maxi- 
mum limit of 5 feet. 

GENERAL DESCRIPTION. 

Clearance. — 27. On straight line a clear section shall be provided 
to conform to given requirements. The width must be increased 
so as to allow the same minimum clearance on curves and on 
double track. 
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Spaoing of Tmsies.— 28. The width between centres of trusses 
shall in no case be less than ^ of the span between centres of end 
pins. 

Spaoing of 8tri]igor8.~-29. The floor stringers shall be placed 
generally 8 feet between centres for single track, and 6} feet for 
double track bridges, the standard distance between centres of 
tracks being 13 feet. 

Wooden floor.— 30. The floor shall consist of cross-ties 8 inches 
by 8 inches if the stringers are placed 6i feet between centres, and 
8 inches bv 10 inches if the stringers are 8 feet between centres. 
They shall be spaced with openings not exceeding 6 inches, and 
shall be notched down ^ inch, and have a full and even bearing 
on stringers. 

31. Every fifth tie shall be fastened to the stringer by a i-inch 
bolt. 

32. In case of deck bridges, with ties resting on the upper chord, 
when the distance between centres of trusses exceeds 8 feet, the 
ties are to be proportioned to carry the maximum wheel load 
distributed over three ties, the fibre strain on the timber not to 
exceed 1,000 pourtds per square inch. 

Plate Girders.— 33. Deck-plate girders shall be spaced generally 
6i feet between centres. 

34. In through-plate girders, the floor stringers shall be spaced 
6i feet between centres. 

Ouard Bails. — 36. There shall be guard timbers 6 inches by 8 
inches on each side of each track, with their inner faces not less 
than 3 feet 3 inches from centre of track. They shall be notched 
1 inch over every tie, and shall be fastened to every third tie and 
at each splice by a i-inch bolt. Splices shall be over floor timbers 
with half-and-half joints of 4 incnes lap. 

36. The floor timbers and guards must be continued over piers 
and abutments. 

37. On curves the outer rails shall be elevated as may be requh^. 
Strain Sheets. — 38. Complete strain sheets, showing sectional 

areas and dimensions of all the parts, will be submitted with 
every proposal. 

DETAILS OF CONSTRUCTION. 

Adjustable Members. — 39. Adjustable members in any parts 
of structures shall preferably be avoided. 

Lateral and Sway Bracing. — 40. All lateral and sway bracing 
shall be made of shapes which can resist tension as well as com- 
pression. 

Portals.— 41. All through spans with top lateral bracing shall 
have portals at each end of span, connected rigidly to end-posts. 
They shall be as deep as the specified head room will allow, and 
provision shall be made in the end-posts for the bending strain 
produced by the wind pressure. 

Diagonal Bracing. — 42. Deck bridges shall have diagonal braces 
at each panel of sufficient strength to carry half the maximum 
strain-increment due to wind and centrifugal force. 

Pony Trusses.— 43. Pony trusses and through plate girders shall 
be stayed by knee braces or gusset plates at the ends, and at each 
floor beam or transverse strut. 
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Flo«r Beam Conneotions.— 44. All floor beams in through 
bridges shall be riveted between the posts, above or below the pin. 

Ei^ansion Boilers. — 15. All bridges exceeding 100 feet in length 
shall have at one end nests of turned friction rollers, running oe- 
tween planed surfaces. Rollers shall not be less tnan 3 inches 
in diameter ; and the pressure per lineal inch of roller, including 
impact, shall not exceed 1200 Vd for steel rollers between steel 
surfaces (d = diameter of roller in inches). 

Friotion Plates.— 46. For bridges less than 100 feet in length, 
one end shall be free to move upon planed surfaces. 

Truss Bridges. — 47. Single-track bridges shall have lower chord 
end panels stiffened, and all through spans stiff and vertical sus- 
I)enaers. 

Temi»eratiire.— 48. Provision shall be made for a free expansion 
and contraction of all parts, corresponding to a variation of 150 
degrees Fahrenheit in temperature. 

Bed Plates. — 49. Bed plates shall be so proportioned that the 
pressure upon masonry (including impact) will not exceed 400 
pounds per square inch. 

Web Splices. — 50. Web plates of girders must be spliced at all 
joints by a plate on each side of the web, capable of transmitting 
the full shearing strain through splice rivets. 

Bivets.— 51. The pitch of rivets, in the direction of the strain, 
shall never exceed 6 inches, nor 16 times the thickness of the 
thinnest outside plate connected, and not more than 30 times that 
thickness at right angles to the strain. 

52. At the ends of compression members the pitch shall not 
exceed four diameters of the rivet, for a length equal to twice the 
width of the member. 

53. The distance from the edge of any piece to the centre of a 
rivet-hole must not be less than li times the diameter of the rivet, 
nor exceed 8 times the thickness of the plate ; and the distance 
between centres of rivet-holes shall not be less than 3 diameters 
of the rivet. 

Tie Plates. — 54. All segments of compression members con- 
nected by latticing only, shall have tie plates placed as near the 
ends as practicable. They shall have a length of not less than 
the greatest depth or width of the member, and a thickness not 
less than -j^ of the distance between the rivets connecting them 
to the compressed members. 

Laoing.-^55. Single lattice bars shall have a thickness of not 
less than ^, and double bars connected by a rivet at the inter- 
section of not less than A of the distance between the rivets con- 
necting them to the member ; and their width shall be : 



For 15-inch channels, or built sections 

with 3i- and 4-inch angles. 
For 12- and 10-inch channels, or built 

sections with 3-inch angles. 
For 9- and 8-inch channels, or built 

sections with 2i-inch angles. 



2i inches (|-inch rivets). 
2i inches (}-inch rivets). 
2 inches (Hnch rivets). 



56. The distance between connections of the lattice bars shall 
not exceed 8 times the least width of the segments connected. 

Pin Plates. — 57. All pin-holes shall be re-enforced by additional 
material when necessary, so as not to exceed the allowed pressure 
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on the pins . These re-enforcing plates must contain enough rivets 
to transfer the proportion of pressure which comes upon them, 
and at least one plate on each side shall extend not less than 6 
inches beyond the edge of the tie plate. 

Joint!.— ^. All joints in riveted work, whether in tension or 
compression members, must be fully spliced. Pin connection, in 
riveted tension members shall have a section through the pin- 
hole 25 per cent, in excess of the net section of the body of the 
member. The section back of the pin-hole shall be at least 0.75 
of the section through the pin-hole. The sections of compression 
chords shall be connected at the abutting ends by splices sufficient 
to hold them truly in position. 

Leait Thiokness of Xaterial.— 59. For main members and their 
connections, no material shall be used less than t of an inch thick ; 
and for laterals and their connections, not less than J^ of an inch 
thick except for lining or filling vacant spaces. 

Eye-bar aeads.— 60. The hewAa of eye-oars shall not be less in 
strength than the body of the bar. 

Symmetrioal Seotions.— 61. All sections shall preferably be 
made symmetrical, and the pins placed in the line of the neutral 
axis. 

Camber. — 62. All truss bridges with parallel chords shall be 
given a camber, by making the panel lengths of the top chord 
longer than those of the bottom chord in the proportion of i of 
an inch to every 10 feet. 

Kuts.— 63. All nuts must be of hexagonal shape. 



TT^ORKMANSHIP. 

Biveted Work. — 64. All riveted work shall be punched accu- 
rately with holes -^ of an inch larger than the size of the rivet ; 
and when the pieces forming one built member are put together, 
the holes must be truly opposite; no drifting to distort the 
metal will be allowed ; if the hole must be enlarged to admit the 
rivet, it must be reamed. 

65. All holes for field rivets, excepting those in connections for 
lateral and sway bracing, shall be accurately drilled to an iron 
templet, or reamed while the connecting parts are temporarily 
put together. 

Planing and Seaming.— 66. In medium steel over | of an inch 
thick all sheared edges shall be planed, and all holes shall be 
drilled or reamed to a diameter of i of an inch larger than the 
punched holes, so as to remove all the sheared surface of the 
metal. 

67. The rivet heads must be of approved hemispherical shape, 
and of a uniform size for the same size rivets throughout the 
work. They must be ftill and neatly finished throughout the 
work and concentric with the rivet-hole. 

68. All rivets when driven must completely fill the holes, the 
heads be in full contact with the surface, or countersunk when 
so required. 

69. Wherever possible, all rivets shall be machine-driven. 
Power riveters shall be direct-acting machines, worked by steam, 
hydraulic pressure, or compressed air, and capable of holding on 
t:^ the rivet when upsetting is completed. 



t 
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70. When members are connected by bolts which transmit 
shearing strains, the holes must be reamed parallel, and the bolts 
turned to a driving fit. 

71. The several pieces forming one built member must fit closely 
together, and when riveted shall be free from twists, bends, or 
open joints. 

72. All portions of the work exposed to view shall be neatly 
finished. 

73. All surfaces in contact shall be painted before they are put 
together. 

forged Work.--74. The heads of eye-bars shall be made by up- 
setting, rolling, or forging into shape. Welds in the body of the 
bar will not be allowed. 

Eye-bars. — ^75. The bars must be perfectly straight before boring. 

76. The holes shall be in the centre of the head and on the 
centre line of the bar. 

77. All eye-bars shall be annealed. 

Machine Work. — 78. All abutting surfaces in compression 
members shall be truly faced to even bearing, so that they shall be 
in such contact throughout, as may be obtained by such means. 

79. The ends of floor girders shall be faced true and square. 

80. Pin-holes shall be bored truly parallel with one another 
and at right angles to the axis of the member unless otherwise 
shown in drawings ; and in pieces not adjustable for length, no 
variation of more than ^ of an inch will be allowed in the length 
between centres of pin-poles. 

81. Bars which are to be placed side by side in the structure shall 
be bored at the same temperature, and shall be of such equal 
length that, upon being piled on each other^ the pins shall pass 
through the holes at both ends at the same time without drivmg. 

82. AH pins shall be accurately turned to a gauge, and shall be 
straight and smooth. 

83. The clearance between pin and pin-hole shall be ^ of an 
inch for all Lateral pins ; and for truss pins the clearance shall be 
■^ of an inch for pms 3i inches in diameter, which amount shall 
be gradually increased to ^ of an inch for pins 6 inches in 
diameter and over. 

84. All pins shall be supplied with steel pilot nuts, for use dur- 
ing erection. 

86. All workmanship shall be first class in every particular. 

STEEL. 

Froceis of Manufacture. — 86. All steel must be made by the 
Open Hearth process, and if by acid process, shall contain not 
more than .08 per cent, of phosphorus, and if by basic process, 
not more than .05 per cent, of phosphorus, and must be uniform 
in character for each specified kind. 

Finish. — 87. The finished bars, plates, and shapes must be free 
from ii^urious seams, flaws, or cracks, and have a clean, smooth 
finish. 

Test Pieces.— 88. The tensile strength, limit of elasticity and 
ductility, shall be determined from a standard test-piece cut from 
the finished material, of at least i square inch section. All broken 
samples must show a silky fracture of uniform color. 
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89. Every finished piece of steel shall be stamped with the blow 
number identifying the melt. 

90. Steel shall be of two grades : mft and medium. 

Soft Bteel. — 91. Soft sfoee shall have an ultimate strength of 
60,000 to 60,000 pounds i)er square inch, elastic limit of one-half 
ultimate strength, and a minimum elongation of 26 per cent, in 
8 inches. This steel must bend double to close contact, without 
sign of fracture on the outside. 

Medium Bteel. — 92. Medium steel shall have an ultimate strength, 
when tested in 9amples of the dimensions above stated, of 60,000 
to 70,000 pounds per square inch ; an elastic limit of not less than 
one-half the ultimate strength, and a minimum elongation of 22 
per cent, in 8 inches. 

93. This steel must stand bending 180 degrees around a 2-inch 
pin without cracking on the convex surface, either cold, hot,, or 
after being heated to a cherry red and cooled in water of 60 de- 
grees Fahrenheit. 

94. Full-sized eye-bars must elongate 10 per cent, in a gauged 
len^h of 10 feet, and break in the body of the bar. 

Pin Bteel.— 95. Pins made of either of the above-mentioned 
grades of steel shall, on specimen test-pieces cut from finished 
material, fill the requirements of the grade of steel from which it 
is rolled, excepting the elongation, which shall be decreased 6 per 
cent, from that specified. 

96. Punched rivet-holes, pitched two diameters from a 
sheared edge, must stand drifting until the diameter is one- 
third larger than the original hole, without cracking the 
metal. 

97. All rivets will be made of soft steel, and the steel for rivets 
must bend double to close contact without cracking. 

98. The slabs for rolling plates shall be hammered or rolled 
from ingots of at least twice their cross-section. 

99. Pins up to 7 inches diameter shall be rolled. 

100. Pins exceeding 7 inches diameter shall be forged under a 
steel hammer striking a blow of at least 6 tons. The blooms to 
be used for this purpose shall have at least three times the sec- 
tional area of the finished pins. 

101. A variation in cross-section or weight of rolled material of 
more than 2i per cent, from that specified, may be cause for 
rejection. 

Steel Castings. — 102. Steel castings shall be made of Open 
Hearth steel containing from ^ to ^ per cent, carbon and not 
over T^ per cent, of phosphorus, and shall be practically free 
from dIow holes. 

Cast Iron. — 103. Except where chilled iron is specified, all cast- 
ings shall be of tough, gray iron, free from injurious cold shuts 
or blow holes, true to pattern, and of workmanlike finish. Test 
bars 1 inch square, loaded in middle between supports 12 inches 
apart, shall bear 2,500 pounds or over, and deflect .15 of an inch 
before rupture. 

Timber. — 104. The timber shall be strictly first-class white pine. 
Southern yellow pine, or white oak bridge timber : sawed true 
and out of wind, full size, free from wind shakes, large or loose 
knots, decayed or sapwood, wormholes or other defects imi>air- 
ing its strength or durability. 
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PAINTING. 

105. All iron work before leaving the shop shall be thoroughly 
cleaned from all loose scale and rust, and be given one good coat- 
ing of pure boiled linseed oil, well worked into all joints and 
open spaces. 

106. In riveted work, the surfaces coming in contact shall each 
be painted before being riveted together. 

107. Pieces which are not accessible for painting after erection 
shall have two coats of paint. 

108. The paint shall oe of a good quality of iron ore paint, 
mixed with pure Unseed oil, or such as may be specified in con- 
tract. 

109. After the structure is erected, the iron work shall be 
thoroughly and evenly painted with two additional coats of 
paint, mixed with pure linseed oil, of such color as may be 
selected. 

110. Pins, pin holes, screw threads, and other finished surfaces 
shall be coated with white lead and tallow before being shipped 
from the shop. 

Inspeetioii. — 111. All facilities for inspection of material and 
workmanship shall be furnished by the contractor to competent 
inspectors, and the engineer and his inspectors shall be allowed 
free access to any part of the works in which any portion of the 
material is made. 

112. The contractor shall furnish, without charge, such si)eci- 
mens (prepared) of the several kinds of material to be used as 
may be required to determine their character. 

113. Full-sized parts of the structure may be tested at the option 
of the purchaser ; but, if tested to destruction, such material 
shall be paid for at cost, less its scrap value, ii it proves satis- 
factory. 

114. If it does not stand the specified tests, it will be considered 
rejected material, and be solely at the cost of the contractor, 
unless he is not responsible for the design of the work. 

C. C. SCHNEIDEB, 

Chief Engineer. 
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COEFFICIEKTS OF IMPACT. 
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PERMISSIBLE COMPRESSIVE STRAINS. 



p = strain allowed in pounds per square inch ; i = length ; r = least radius of 

gyration (both in inches). 





FORMULA. 
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56 
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16510 
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22 
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66 


28 


14180 
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15710 


70 


32 


13940 


15550 


72 


34 


13810 


15380 


74 


36 13680 
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76 


38 
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78 


40 


13420 


14840 


80 


42 


13270 


14650 


82 


44 


13120 


14460 


84 


46 


12960 


14260 


86 


48 


12820 


14060 


88 




12660 
12500 
12340 
12180 

12010 
11840 
11670 
11500 

11340 
11140 
11010 
10840 

10670 
10500 
10340 
10180 

10010 
9850 
9690 
9530 



13850 
13650 
13440 
13230 

13020 
12810 
12600 
12390 



90 
92 
94 
96 

98 
100 
102 
104 



12180 106 

11970 !l08 

11760 '110 

I 

11550 112 

11350 114 

11150 ,116 

10950 1118 

10750 120 



10550 

10350 

10160 

9970 



FORMULA. 


Soft Steel. 


Med. Steel. 
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9220 


9610 


9060 


9420 


8910 


9240 


8760 


9080 


8610 


8910 


8470 


8740 


8320 


8570 


8180 


8410 


8050 


8250 


7900 


8100 


7780 


7940 


7640 


7790 


7510 


7650 


7380 


7500 


7260 


7360 
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APPBNDI2. 

The following pages contain some tables in frequent nse 
by Engineers ; also the physical properties of materials 
used in construction, not the product of the works. 

Tliese tables have been carefully compiled and corrected 
to conform to the latest knowledge on the respective sub- 
jects. All the materials described hereafter, offer a wide 
range of resistance to stress in any direction ; and the tables 
for strengths indicate averages of reliable data. 

In cases where two values are given, they belong to 
materials that vary considerably in quality ; the figures 
applying to averages of the superior and inferior qualities 
respectively. 

The tables for timber, 'see page 282, have been principally 
derived from experiments made ander the direction of the 
Division of Forestry, U. S. Government testing machine at 
Watertown, and the Massachusetts Institute of Technology. 
For stones and other minerals, the U. S. Government tests 
are used, supplemented by other authoritative data. For 
the alloys, the results of experiments made at the Stevens 
Institute for the U. S. Board for testing metals are used. 
The strength and elasticity of the copper alloys are very 
sensitive and subject to rapid fluctuation, due to minute 
changes of proportions and improper treatment in prepara- 
tion. The figures given indicate a probable average, and 
individual cases may vary w^idely from them. 

The results of many tests made at Pencoyd have been 
used to complete missing data or check statements that did 
not seem consistent. 

When usual working loads are given, they accord with 
common practice under ordinary conditions, and in all cases 
are sufficiently low to embrace material not obviously unfit 
for use. 
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CAST-IRON. 

FOUNBBY MbTALS. 

The gray irons, ordinarily used for castings, are usually graded 
in this section as Nos. 1 and 2 foundry, and No. 3, or gray forge,* 
these classifications being determined by fracture at the furnace. 
Grades of higher number, which run mottled or white in frac- 
ture, are too hard for ordinary tool cutting, and are only used, for 
exceptional purposes in the foundry. 

By chemical analysis the gray irons are distinguished from the 
white by larger proportions of silicon and graphitic carbon in 
the former, while the latter grades contain more combined carbon. 

There is usually associated with the iron, small proportions of 
manganese, sulphur, phosphorus, and sometimes other elements, 
which vary in amount and influence, according to the ores from 
which the metal is derived. 

Characteristics of Foundry Irons. 

No. 1. Softest grade, used for small castings, or mixed with 
large proportions of scrap for larger castings. In the pig, it shows 
a dark, open grain and rough fracture, and the free graphite is 
discernible. Tensile strength is low, the iron turns soft, and the 
cuttings separate into coarse fragments. 

No. 2. Harder, and higher tensile strength than No. 1, and 
better adapted for large castings ; bears a less proportion of scrap 
in mixture. The fracture is not as rough as No. 1, and shows a 
mixed, large and small dark grain ; it turns harder, separating in 
finer fragments than No. 1. 

No 3, or gray forge. Harder, and higher tensile strength, but 
more brittle than No. 2. Adapted for large castings requiring 
hard surfaces. Not adapted for small castin^^, in which it is apt 
to run white ; will not usually bear any admixture of scrap. The 
grain is close, small and light gray, and sometimes shows white 
points, when approaching No. 4, or mottled in grade. 

Cast-iron is quite variable in strength, especially in tensile re- 
sistance. In ordinary foundry iron, the tensile strength per 
square inch of section will vary from 14,000 to 20,000 pounds ; 
and refined iron of high grade is known to run between 30,000 
and 40,000*pounds tensile strength. 

The elastic limit and modulus of elasticity are not distinctly 
defined, as some permanent set can be observed under working 
loads. For practical purposes in ordinary iron the elastic Umit 
can be called about 6,000 pounds, and the modulus of elasticity 
15,000,000 pounds per square inch of section. Under compression, 
when not accompanied with bending strains, ordinary cast-iron 
will bear from 90,000 to 130,000 pounds per square inch, usually 
assumed at an average of 100,000 pounds. 

In test bara, cast 1 inch sauare of a fair quality of foundry iron 
for machinery castings, the tensile strength should be about 
16,000 pounds per square inch of section, and the same bars tested 
transversely, between supports 12 inches apart, and load in mid- 
dle should endure 2,500 pounds and deflect 0.15 inches. 

*Iq some places this is subdivided, giving another grade of No. 3 
Foundry Iron. 
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The shrinkage in casting will vary from .05 to .12 inches per 
foot of length. (Jeneral average = .08 inches. Specific gravity 
averages 7.2. Weight per cubic inch, .26 pounds, or per cubic 
foot = 460 pounds. 

PHYSICAL PROPZSRTIZSS OF TIMBER. 

The physical properties of timber, given hereafter, are derived 
largely from the recent experiments of the Forestry Division, 
U. S. Department of Agriculture, which form the most complete 
and systematic series on record. The following general con- 
clusions seem to be demonstrated : 

1. That bleeding (the experiments were made on long leaf 
yellow pine) has no material effect on the strength of timber, th© 
flexibility is slightly increased, but the bled timber will probably 
endure exposure to the weather as well as the other. 

2. That moisture reduces the strength of timber, whether that 
moisture be the sap, or water absorbed after seasoning. In gen- 
eral, seasoned timber, or with not more than 12 per cent, moisture, 
is from 75 per cent, to 100 per cent, stronger than green timber. 

3. When artificially dried, timber contains a uniform percent- 
age of moisture throughout, a condition requiring months or 
even years to attain in air-dried heavy timber. 

When kiln-dried at usual temperatures, wood shows no loss of 
strength compared with air-dried timber of the same percentage 
of moisture. The effect of very high temperatures and pressures 
(as used in vulcanizing) is lower strengths than when air-dried. 

4. Large timbers are equal in strength per square inch of sec- 
tion, tested every way, to small timbers, provided they are equally 
sound and contain the same percentage of moisture. 

6. The tests seem to indicate that the strength of woods of uni- 
form structure increases with the specific gravity irrespective of 
species, i. c, in general, the heaviest wood is the strongest. Oak 
seems not to belong to the list of woods to which this general 
remark applies. 

The data on properties of timbers, given on page 282, must be 
used with considerable judgment and caution. Seasoned wood 
will gain weight, to the extent of 5 to 15 per cent., if exposed to 
the weather and this excess will be reduced if the wood is kept a 
week in a warm dry place. 

Some of the individual tests made by the U. S. Forestry Divi- 
sion varied considerably from the mean values given in the table. 
In the case of tension tests, which varied most from the average, 
a few were as low as 25 per cent., while others reached 190 per 
cent, of the mean. 

The elastic limit given in connection with the data from the 
U. S. Forestry Division, is the relative elastic limit suggested by 
Professor Johnson, as there is no definite ''elastic limit" in 
timber similar to that in some metals. This relative elastic limit 
is taken where the rate of deflection is 50 per cent, more than it 
is under initial loads. 

Modulus of ultimate bending is extreme fibre stress on beam at 
rupture. The modulus of elastic bending is the fibre stress when 
the rate of deflection is increased 50 per cent. The modulus of 
elasticity is derived from transverse tests. 
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WOODEN BBAH8 AND PILLARS. 

The table on page 284 gives the eafe loads in pounds, uni- 
formly distributed for rectangular wooden beams 1 inch 
thick, and is based on the eiperimenta of the TJ, g. Forestry 
Division. Aa short beams have been found by experiment 
to fail by longitudinal shearing, the shorter lengths, marked 
with a star, have been calculated to resist this action. The 
working values of the sheaiing resistance per square inch 
being takerL for well-seasoned sound timber as follows : 
Hemlock, 80 pounds ; spruce, white pine and yellow pinn 
(Southern), 120 pounds ; oak, 20O pounds. The values in 
the table calculated for eross-bending, are based on the fol- 
lowing extreme fibre stresses per square inch. 

Hemlock, 750 pounds ; white pine or spruce, 900 pounds ; 
oak, 1200 pounds ; yellow pine, 1500 pounds. 

The table on page 285 gives the concentrated central loads, 
and is also computed from the foregoing data. 
PILLARS. 

The formulie lieretofore proposed for resistance of the 
wooden pillars, are not sustained by the results of recent 
CKperiments, such as those made in 1882 at the Watertown 
Areenal. These were on white and yellow pine, partly 
seasoned, and indicate the following average breaking loads 
in pounds per sq. inch of section for the given ratios of 
length to thickness. 



Ralio aS Length of 



u>i7oaiS30i^oiieo s 



The table given on page 286 for wooden pillara,isbaBedon 
the above, corrected for seasoning, and taking one-eighth of 
the mean breaking loads as the safe working loads. Tests 
made oftwoorthreesticks bolted andkeyed together, showed 
that they did not behave like a solid pillar, but as if the sev- 
eral timbers acted independently. Composite wooden pillars 
should be treated as an aggregation of independent membei'S. 



PHYSICAL PROPERTIRS OF WOOD. 
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PHYSIC Ali PROPERTIES OF WOOD. 

Seasoned timber, moisture 12 per cent, and under. 
Stresses given in pounds per square inch. 
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Weight in Poundt per Cubic Foot (^ other Woods. 



Elm 



35 



Mahogany (Honduras) 35 

Sycamore 37 

but owing to frequent spiral growth of the wood it is not safe to so consider it 
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GREATEST SAFE LOAD UNIFORMLY DIS- 
TRIBUTED FOR RECTANGULAR 
WOODEN BEAMS 1 INCH THICK. 

(For expUDfttion of table lee page 281.) 






Kind 0/ 
Timber. 



LENG TH OF SPA N IN FEET, 



6 



8 



10 



12 



14 



16 



18 



20 



22 



Sqftt Loads in P&undt per Inch of Thickness 



Keoilock. 

5 ;.SpruceorPiiie 
'Oak. 
Yellow Pine. 

Hemlock. 

6 Spruce or Pine 
Oak. 
YeUow Pine. 

Hemlock. 



6001 



*640 
900; 

1200 soa 

*960 *960 

♦75(^ 680 
Spruce or Pine ♦1120 820 
Oak. 
Yellow Pine. 

Hemlock. 



520 350 260' 210i 170| 150 
620 420 310 2501 2ia 180 



830 550 420 330| 280 
«800 700 520, 4201 350 



500 



380 
450 
600 

750 

510 
610 
820 
1020 



1630! 1090 
♦1120*1120 

•85d ♦850' 670 

8 Spruce or Pine ♦1280| 1060^ 800 

Oak. k2130 14201 1070 

Yellow Pine. ♦1280P1280*1280 

Hemlock. ♦geO *96o| 840 

e SpruoeorPine^l440l 1350 1010 

Oak. [♦240() 1800! 1350 

Yellow Pine. ♦1440»li40*1440 

Hemlock. ♦l07o'*1070 1040 
10 Spruce or Pine ♦1600;^1600| 1250 
Oak. ♦267q 22201 1670 



Yellow Pine. 

Hemlock. 
12 Spruce or] 
Oak. 
I Yellow Pine. 



♦1600^1600*1600 ^1600 

♦128q*1280*1280 
Pine^l920|n92q 1800 



300 250, 
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400i 

5oa: 
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60(^ 

410| 3d 
490 
650 
820 
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640 
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830 
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1330 
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340 
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Hemlock. 
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210 
26(^ 

190 
220 
300 
370 

260 
310 
410 
510 

330 
400 
530 
670 

420 
510 
670 
840 



440 380 
460 
610 
760 

480 

670! 580 

900| 770 

11201 960 

690' 590 

830, 710 
lliq 950 
139D 1190 

1200 lOOo! 860 
14401 12001 1030 
1920i 16001 1370 
*1920*1920 1710i 1500i 133012001090 



1201 lod 90 
140! 120' 110 
190! 170| 150 
210. 190 



300 270 

200 
240 
330 
410 

300 
360 
470 
590 

370 
450 

6001 540 
750 670 



520 460 
620 560 
830 740 



420 



1040 

750 
900 
12001 1070 



930 

670 
800 



*3730i*3730| 3270 



1490 
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1360 
1630 



1170 1020 900 
1400 1220 1090 



820 740 
9801 890 
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*2240i*2240,*2240*2240*2240*2240l 2040 



*1710n710:*1710*1710*1710 



Spruce or Pine *2560;*2560 *2560 



Oak. 



18 
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2550 2130 
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1520 1330 



Yellow Pine. *2560|*2560|*2560*2560*2560|*2560*2560 
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28i 



GREATEST SAFE CENTRAL. LOADS FOR 
RECTANGULAR WOODEN BEAMS 
1 INCH THICK. 

(For explanation of table see page 281.) 
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Kind of 
Timber. 



Hemlock. 
Spruce or Pine 
Oak. 
Yellow Pine. 

Hemlock. 
6 Spruce or Pine 
Oak. 
Yellow Pine 

Hemlock. 
Spruce or Pine 
Oak. 
Yellow Pine. 

Hemlock. 
8 Spruce or Pine 
Oak. 
Yellow Pine. 

Hemlock. 
Spruce or Pine 
Oak. 
Yellow Pine. 

Hemlock. 
10 Spruce or Pine 
Oak. 
Yellow Pine. 

Hemlock. 
12 Spruce or Pine 
Oak. 
Yellow Pine. 



LENGTH OF SPAN IN FEET. 



6 



8 



10 



12 



14 



16 



18 



20 



22 



Safe Loads in Pounds per Inch of Thicknes:. 



170 130 

210 160 

280 210 

350 260 

250 190 

300 220 

400 300 

500 370 

340 260 

410 310 

540 410 

680 510 

440 330 

530 400 

710 530 

890 670 

420 
510 

1350! 900 670 



260 
310 
420 
520 

380 
450 
600 
750 

510 

610 

820 

1020 

670 

800' 
1070, 
1330 

840 560 
1010 670 



*1440 1120 



1670 1110 
*1600 1390 



14 



16 



1040 
1250 



690 
830 



*1280 
1800 
2400 



1000 
1200 
1600 



*1920*1920 



Hemlock. 1*1490 



Spruce or Pine *2240 
3270 



840; 

520; 

620| 

8301 

1040' 

750 

900 

1200 

1500 



Oak. 
Yellow Pine. 

Hemlock. *1710;*1710 
Spruce or Pine *2560' 2130 



1360 1020 

1630; 1220; 

2180 1630 

*2240i*2240 2040, 

1330' 
1600 



Oak. *4270, 2840 2130 
Yellow Pine. *2560|*2560*2560 

Hemlock. *1920*1920 1690 

18 Spruce or Pine *2880 2700 2030 

lOak. *4800 3600 2700 

fYellow Pine. *2880*2880*2880| 



100 90 

120' 100 

170; 140 

210 170 

150 120 

180' 150 

240 200 



300 

200 
240 
330 



250 

170 
200 
270 



270 
320 
430 
530 



4101 340 

220 
270 
360 
440 

340 280 

400 340 

540; 450 

670 560 

420i 350 

500; 410 

670: 550 

830 690 

600 500 

720 600 

960 800 

1200 1000 

820 680 

980 810 

1310 1090 

1630 1360| 

1070, 89o! 
1280, 1060, 
1710 1420, 
2130 1780 

1350 1120 

1620 1350 

2160 1800 

2700 2250, 



75 

90 

120 

150 

110 
130 
170 
210 

150 
170 
230 
290 

190 
230 
300 
380 

240 
290 
390' 
480 

300 
360 
480 
590 

430 
510 
690 
860 

580 

700 

930 

1170 

760 

910 

1220 

1520 

960 
1160 
1540 
1930 



65 

80 

100 

130 

95 
110 
150 
190 

130 
150 
200 
260 

170 
200 
270 
330 

210 
250 
340 
420 

260 
310 
420 
520 

370 
450 
6C0 
750 

510j 

610 

820 

1020! 

660' 
800 

1060; 

1330 

840 
1010 
1350 
1690 



60 

70 

^5 

120 

85 
100 
130 
170 

110 
140 
180 
230 

150 
180 
240 
300 

190 
220 
300 
370 

230 
280 
370 
460 



50; 45 

60: 55 

85' 75 

100 95 

75 70 

90 80 

120 110 

150 140 



100 
120 
160 
200 

130 
160 
210 
270 

170 
200 
270 
340 

210 
250 
330 
410 



95 
110 
150 
190 

120 
150 
190 
240 

150 
190 
250 
310 

190 
230 
300 
380 

270 
330 
440 
540 

370 
440 
590 
740 

480 
580 
780 
970 

750; 670! 610 

900 810; 740 

12001080 980 

150013501230 



330 300 
400 360 



530 
670 

450 
540 



480 
600 

410 
490 



730 650 
910 810 

590 530 

710 640 

950| 850 

11801060 
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TOTAIi SAFE IiOAI> IN NET TONS FOB 
SQUARE PILLARS. 

For Hemlock Pillars take yS ot load for White Pine. 



fffft, 

in 

Feel. 



Kind of 
Timber. 



7 
8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 

Yellow Pine 
White Pine 



SIDE OF SQUARE PILLAR JY INCHES. 



6 



8 



9 



10 



12 



14 



16 



Total Sqfe Load in Net Tont. 



7.3 
4.5 

7.1 
4.4 

6.8 
4.2 

6.5 
4.1 

6.2 
3.9 

5.8 
3.7 

5.4 
3.5 

5.0 
3.3 

4.5 
3.0 

3.9 
2.8 

3.4 
2.5 

2.5 
1.7 

2.3 
1.5 

2.1 
1.4 

1.9 
1.2 

1.7 
1.1 

1.5 
1.0 



11.8 
7.2, 

ii.e' 

7.1| 

11.3 
6.9 

u.o' 

6.8 

10.7 
6.6 

10.3' 
6.4 

9.9 
6.2| 

9.5 
6.0, 

9.0 
5.7 

8.4 
5.5 

7.9 
5.2 

7.3 
4.9 

6.7 
4.6 

6.0 
4.2 

5.3 
3.9 

2.6; 

1.7 

2.4 
1.6 



17.3 
10.5 

17.1 
10.3 

16.8 
10.2 

16.5 
10.1 

16.2 
9.9 

15.8 
9.7 

15.4 
9.5 

15.0 
9.3 

14.5 
9.0 

13.9 
8.8 

13.4 
8.5 

12.8 
8.2 

12.2 

7.9 

11.5 
7.6 

10.8 
7.2 

10.1 
6.8 

9.3 



23.8. 31.3 
14.4! 18.9 

23.6! 31.1 



14.3 

23.3 
14.1 



18.7 

30.8 
18.6 



23.0 30.5 



14.0 

22.7 
13.8 

22.3 
13.6 

21.9 
13.4 

21.5 
13.2 

21.0 
12.9 

20.5 
12.7 

19.9 
12.4 

19.3 
12.1 

18.7 
11.8 

18.0 
11.4 

17.3 
11.1 



18.5 

30.2 
18.3 

29.8 
18.1 

29.4 
17.9 

29.0 
17.7 

28.5 
17.4 

27.9 
17.2 

27.4 
16.9 

26.8 
16.6 

26.2 
16.3 

25.5 
15.9 

24.8 
15.6 



16.6 24.1 
10.7| 15.2 

15.8 23.3 



39.8 
24.0 



39.6 49.1 



49.3 
29.7 



23.6 

39.3 
23.7 

39.0 
23.6 

38.7 
23.4 

38.3 
23.2j 28.9 

37.9! 47.4 
23.0 28.7 



29.5 

48.8 
29.4 

48.5 
29.3 

48.2 
29.1 

47.8 



37.5 
22.8 

37.0 
22.5 



47.0 
28.5 

46.5 
28.2 



36.4 45.9 

22.3 28.0 

35.9 45.4 
22.0, 27.7 

35.3' 44.8 
21.7| 27.4 

34.7 44.2 

21.4 27.1 



34.0 
21.0 

33.3 
20.7 



43.5 
26.7 

42.8 
26.4 



32.6 42.1 
20.3. 26.0 

31.8, 41.3 



6.4 10.3 14.8 19.9 25.6 



71.3 
42.9 

71.1 
42.8 

70.8 
42.6 

70.5 
42.5 

70.2 
42.3 

69.8 
42.1 

69.4 
41.9 

69.0 
41.7 

68.5 
41.4 

67.9 
41.2 

67.4 
40.9 

66.8 
40.6 

66.2 
40.3 

65.5 
39.9 

64.8 
39.6 

64.0 
39.2 

63.3 
38.8 



97.3127.3 
58.5) 76.5 



97.1 127.1 
58.4i 76.4 



96.8126.8 
58.2. 76.2 

96.5 126.5 
58.1: 76.1 

96.2126.2 
57.9| 75.9 

95.8125.8 



57.7 

95.4 
57.5 



75.7 

125.4 
75.5 



95.0 125.0 
57.3j 75.3 

94.5124.5 
57.0| 75.0 

93.9123.9 
56.8; 74.8 



93.4123.4 
56.5 74.5 

92.8122.8 
56.2 74.2 

92.2*122.2 



73.9 

121.5 
73.5 

120.8 



55.9 

91.5 
55.6 

90.8 
55.2, 73.2 

90.1 120.1 
54.8j 72.8 

89.3 119.3 
54.4 72.^ 
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TABLE OF PHYSICAL PROPERTIES OF 
METALS AND ALLOYS. 

stresses giyen in pounds per square inch. 



NAME OF MATERIAL. 



Aluminium Bronze. 

\01> Al. 90?< Cu. (rolled) . 

l\i " 9S\* " (cast). . . 

Brass and Bronze. 

Copper. Tin. Zinc. 
85 15 — 

90 10 — 

95 5 — 

90 — 10 

80 — 20 

70 — 30 

60 — 40 

50 — 50 

85 12^ 2\ 

70 10 20 

60 10 30 

55 \ A^ 

Bronze, Manganese (cast). 
" (rolled) 
'* Phosphor .... 

" Tobin (rolled) . . 

Copper (cast) 

'^ (sheet) 

" wire annealed. . . 

Iron Cast (See page279). . 

" wire annealed .... 

'* " hard drawn . . 

" wrgt., rolled bars . . 

'^ " plates. 

Lead 

Steel (See page 18) . . . . 

Tin 

Zinc (cast) 



UlH- 

mate 

Resul- 

ance 

to 

Ten- 
Hon. 



100000 
26800 



35500 
33000 
30000 
30000 
37000 
43000 
49000 
24000 
34600 
31760 
21500 
68900 
71200 
100000 
47700 

79400 

24800 
32600 
39800 

45000 
75000 
50000 
50000 

2050 

3500 
5400 



UlH- 
male 
Resist- 
ance 

to 
Com- 
press. 



95000 
75000 
52000 
48000 
65000 
79000 
75000 
117400 



130000 



175000 



36000 



7350 
6400 



Resist. 

ance 

to 

Betid- 
ing. 



63000 
52000 
39000 
24000 
30000 
36000 
42000 
48000 
62400 
43500 
30200 



Etas' 

tie 
lAmtt. 



60000 



41900 



20000 
16000 

idoob 

9100 
16400 
16900 



22000 

*17700 

80000 

21500 

55400 

8000 



25000 



Cbc/l 

Elas- 
ticity 
Mil. 
lions. 



Weight 
iu 

Lbs. 
per Gu. 

Inch. 



18.0 



14.0 
13.7 

12.4 
14.0 
12.2 
11.6 
12.5 
14.5 
15.8 



18.0 



18.0 



27000 26.0 
30000 29.0 



30000 

1100 

1670 
4050 



29.0 

0.85 

4.6 



.282 



.319 
.318 
.317 
.322 
.316 
.310 
.oOo 
.304 



.296 



* This was true elastic limit, the " yield point " or " apparent elastic limit " 
given hj drop of beam was at 38,640 pounds. 
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PHYSICAL PROPERTIES OF MATERIAIiS 
OF MASONRY, ETC. 

All strCBee glicn in pounds per squra Inch. For woiking alreases seep. 2S9. 



ifATERIAL. 




Tram- \ModtLtai 


Wghl 


Brick, FlatwtK PBTlng. {""' 

Pa*tng Brtck, PhUa. SpecUotloDB. 


■a 


1350 
j 5000 

300 


wooood 

2000000 
4000000 


ISO 








156 
lOO 

109 

i 

153 




Concretes, 1 month old, of fBUowlng oom- 1 
















" Trap .'.'.} 
Porlland Ccnient Morlar and Furnace Slagl 


■ '260 ■ 
500 


Conen 
6 menu 

Jearwi 

^e firs 


Muaner 
-ill be 
limes, 

'befito 
IS strong 


" " '^'"' jmJ 


1 


1 


mmf. 

SI 

135a)Kil 


m 

158 
170 
139 
170 








Hat^.""':' ■■::::::;' ■^"'"■ 
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WEIGHT IN POCNDS PEK CWBIC FOOT OF StTBSTANCES. 


JVams qf S^!«»ce. 


P«mds. 


Name sf Subsliaa. 


Po«T^^. 




87 


Ume, quick, oford. limestone 
Lime, quick?™w'eilXken 


1 


asy, potter'a dry 

" In lump, loose. .... 
Earth, com. loam, dry, loose . 


Mud, dry, (Joae 


'"-^ 


Glus, common window. . . 


||S^f,|5";:; 


■'^^""piasWrifpiriBgr'di. 


iS^ii 














legtonerortbebodTofcoi 
inflnditisobyioualjunfi 



FOUNDATIONS. 

The bearing power of soils varies widely with their nature 
and condition. Rock may sustain from 18 to 180 tons per 
square foot. Compact gravel or coarse sand well compacted, 
of considerable thickness, not liable to be carried away by 
water, can be loaded with 8 to 10 tons per square foot, 
while the stiff varieties of dry clav will safely support 4 to 6 
tons per square foot. In general, however, the building laws 
of different localities will limit the pressure on the different 
soils. The table below gives the requirements of a few 
cities. 



Bearing Maierial. 



Solid natural earth of dry clay . . . 

Clay moderately dry 

Clay soft. (Confined) 

Gravel and coarse sand well compacted 

Gravel and sand 

Clay and sand 

Dry sand. (Confined) 

Dimension stone, beds dressed to"! 
uniform surface, cement, mortar \ 
joints under V^* j 

Concrete, (see page 290) . ... 

Rubble stone work in cement mortar 

Common brick laid in lime mortar . 

Common brick laid in cement mortar 

Hard burned brick in lime mortar 

Hard burned brick in cement mortar 

First-class brick work in Portland ) 
cement mortar j 

Hard brick in lime and cement^ 



mortar mixed 



PhilaN. Y. Chic. Buff. Mil. 



Load Net Ton* per Sq. Ft. 



2i 



8 8 



15 



12 



16 



11} 



U 



2 



6i 
9 

12J 



3} 



4 
5 
3 
5 
6 
9 

12 



4 
2 

1 

8 



Piles. 



] 



Philadelphia, small end 6'' head 12" 
spaced not over 30" centre to 

centre 

f New York, small end b" spaced not ) 
over 30'' centre to centre . . . . j 

Chicago 

Buffalo, small end 6" spaced not ) 
over 36" centre to centre ... I 



I/>ad Net Tons per Pile. 



20 



20 



26 



25 



For Bearing Plates, see page 108. 
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PILES. 

The driving requirements for piles in municipal work will be 
piven in the local ouilding laws, as also are the dimensions, load- 
ing and spacing as given on the preceding page. Their degree of 
stabiUty under these conditions can be determined from the fol- 
lowing formulae : 

X = load in net tons, 
ir= weight of hammer in net tons, 
«; = weight of hammer in pounds, 
H=fa\\ of hammer in feet, 
A = fall of hammer in inches, 
p = penetration in inches, due to last fall. 

L^lKx^.m (Trautwine.) 

As a factor, Trautwine recommends that for piles thoroughly 
driven in firm soils, one-half of the above load be taken, in river 
mud or marsh (piles not driven to rock-bottom), the safe load be 
restricted to one-sixth of L. 

^ = ^T (Sanders.) 

This formula applies to a pile driven until its penetration is 
small and nearly equal for successive blows. 

i=2>lt^X^ (WelUngton.) 

aRILL^aE BEAMS. 

Safe loads on Pencoyd I beams used in a grillage for foundations 
of walls or columns : 

Considering the lower course, 
the supporting pressure from the 
soil is taken as uniformly dis- 
tributed on the beams over the 
I M M MMM I span S, while the load carried by 

I ^— — — J| the foundation is taken as uni- 

k 5 — — >* formly distributed on beams over 

the span L. The maximum bend- 
ing moment is then | W {S — L) where W is the total load on the 
foundation. 

To find the safe load that a beam will carry as a grillage beam, 
it is only necessary to refer to the tables of safe load on pages 30 
to93» and take the safe load the beam will carry for a span {S — L). 
Example. — Suppose a load of 500 net tons carried on a soil that 
will support safely 2 tons per square foot, the area required for 
the foundation will be 250 square feet. Taking the base of the 
column as 4 feet 6 inches square, 5 beams can be luaced side by side 
in this width and permit of concrete being rammed between 
them. Then each beam will be loaded with 83 tons. The soil 
area covered by foundation will be a square of 16 feet side, hence 
{S — L) is 16 — 4i =-- Hi feet. Now, on page 31, of safe loads of I 
beams, we find that a 24 'inch I beam, 85 pounds, will carry 84 
tons. In the same way the beams in the lower course are found 
to be 16 — 15 inch I beams, 50 pounds. 
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PAINT. 

The coyering property of paint depends on the smoothness or absorbing 
power of the surface painted; also on the fluidity of the paint. Ordinarily 
one gallon of paint, consisting of finely ground pigment and linseed oil, 
covers about 600 square feet of metallic surface one coat, or 350 square feet 
with two coats. 

^ If the surface is very smooth and non-absorbent, or the paint is thinned 
with turpentine or naptha, the paint may spread over more surface to the 
extent ot 60 per cent. If the contrary conditions exist, the surface covered 
may be diminished one-half. The volume of the mixed paint usually ex- 
ceeds the volume of oil used from 20 to 75 per cent, according to the kind of 
pigment used. 

AVERAGE SURFACE COVERED PER GALLON OF PAINT. 





Volume of 
Oil. 


Lbs. 
ofPiff- 
menl. 


Volume and 

Weight 

of Paint. 


Square Feet. 


Paint. 


1 
Cbat. 


2 

CIS. 


Iron Oxide (powdered) 

" (ground in oil) 
Red Lead (powdered) 
White Lead (g'rd in oil) . 
Graphite (ground in oil) . 

Black Asphalt 

Linseed oil (no pigment) . 


1 gal. 

1 " (turp.) 


8.00 
24.75 
22.40 
25.00 

9.00 
17.26 

• • • 


Gnls. Lbs. 
1.2=16.00 
2.6=32.75 
1.4=30.40 
1.7=33,00 
1.8=16.40 
4.0=30.00 


600 
680 
630 
600 
610 
516 
875 


350 
375 
375 
300 
340 
810 

■ • • 



Light strucjtural work will average about 250 square feet, and heavy 
structaral work about 160 square feet of surface per net ton of metal. 

The cost of painting with oxide of iron or similar material, based upon 

Saint costing 60 cents per gallon, labor at shops, 1^1.50 per day, end at ereo- 
on, 92.00 per day, will average : 



COST PER NET TON. 



One Coat at Shop : 

Cost of paint per net ton of steel . . 

Cost of labor per net ton of steel . . 

Total 

Two Coats after Erection: 

Cost of paint per net ton of steel . . 

Cost of labor per net ton of steel . . 

Total . . . . 



Light Work. 


Heavy 


Wiyrk. 


$0.27 
0.18 


$0.18 
0.12 


$0.30 
0.90 


fO.46 
0.90 

1 ^ 


$0.30 
0.60 






$1.80 


$1.20 



Coating with tar at 300° F. requires 1 gallon of tar per 220 square feet of 
surface covered. The average cost, based upon tar at 10 cents per gallon, 
and labor at $1.60 per day, is as follows : 





Ught Work. 


HMkvy Work. 


Cost of tar per net ton of steel 

Cost of labor, etc., per net ton of steel .... 


$0.12 
0.68 


$0.07 
0.38 


Total 


$0.80 


$0.46 
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CRANE CHAINS. 




l-A-i.-J.-A 



DIMENSION. 



" D. B. G." 
SPECIAL CRANE. 



CRANK 



6J 



65 



[i 




1^ 

r 

8 
9 



lOi^ 




13t^ 
16 




21^ 






I 



1932 
2898 
4186 
5796 

7728 

9660 
11914 
14490 

17388 
20286 
22484 
25872 

29568 
33264 
37576 
41888 

46200 
50512 

557481111496 
60368 



3864 

5796 

8372 

11592 

15456 
19320 
23828 
28980 

34776 
40572 
44968 
51744 

59136 
66538 
75152 
83776 

92400 
101024 



66528 



120736 
133056 






^ 



C5 



1288 
1932 
2790 
3864 

5182 
6440 
7942 
9660 

11592 
13524 
14989 
17248 

19712 
22176 
25050 
27925 

30800 
33674 
37165 
40245 
44352 






SI 
Si 

I* 



1680 
2520 
3640 
5040 

6720 

8400 
10360 
12600 

15120 
17640 
20440 
23520 

26880 
30240 
34160 
38080 

42000 

45920 

50680 

54880109760 

60480,120960 



3360 

5040 

7280 

10080 

13440 
16800 
20720 
25200 

30240 
35280 
40880 
47040 

53760 
60480 
68320 
76160 

84000 

91840 

101360 



o 

Ms 

=9 



1120 
1680 
2427 
3360 

4480 
5600 
6907 
8400 

10080 
11760 
13627 
15680 

17920 
20160 
22773 
25387 

28000 
30613 
33787 
36587 
40320 



The distance from centre of ODe link to centre of next is equal to the inside 
length of link, but in practice ^ inch is allowed for weld. This is approxi- 
mate, and where exactness is required, chain should be made so. 

For Chain Sheaves. — The diameter, if possible, should be not less than 
twenty times the diameter of chain used. Example — For 1-inch chain use 
20-inch sheaves. 
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WROUGHT IRON TUBES. 



Ordinary Gas or Water Pipe. 



Hydraulic Tubing. 



Extra. 



Double 
Extra. 



2« 

is 

~¥ 
\ 
% 

\ 

1 

1^4 

1^ 
2 

2^ 
3 

3^ 

4 

4^ 
5 

6 

7 

8 

9 
10 
12 
13 
14 



II 



.40 

.54 

.67 

.84 

1.05 

1.31 

1.66 

1.90 

2.37 

2.87 

3.50 

4.00 

4.50 

5.00 

5.56 

6.63 

7.63 

8.63 

9.63 

10.75 

12.75 

14.00 

15.00 



•§ 



.07 
.09 
.09 
.11 
.11 
.13 
.14 
.15 
.15 
.20 
.22 
.23 
.24 
.25 
.26 
.28 
.30 
.32 
.34 
.36 
.38 
.38 






.27 

.36 

.49 

.62 

.82 

1.05 

1.38 

1.61 

2.07 

2.47 

3.07 

3.55 

4.03 

4.51 

5.05 

6.07 

7.02 

7.98 

8.94 

10.02 

12.00 

13.25 






.06 

.10 

.19 

.30 

.53 

.86 

1.49 

2.03 

3.35 

4.78 

7.38 

9.89 

12.73 

15.96 

19.99 

28.88 

38.73 

50.03 

62.73 

78.84 

113.09 



C JO 

^^ 

.13 

.23 

.36 

.55 

.87 

1.36 

2.15 

2.84 

4.48 

6.49 

9.62 

12.57 

15.90 

19.64 

24.30 

34.47 

45.66 

58.43 

73.72 

90.76 






.38 14.25 



.24 

.42 

.56 

.84 

1.12 

1.67 

2.24 

2.68 

3.61 

5.74 

7.54 

9.00 

10.66 

12.34 

14.50 

18.76 

23.27 

28.18 

33.70 

40.06 

49.00 

53.92 

57.89 






27 

18 

18 

14 

14 
11^ 
11^ 
11^ 
11^ 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 






.10 
.12 
.13 
.15 
.16 
.18 
.19 
.20 
.22 
.28 
.30 
.32 
.34 
.35 
.37 
.44 
.50 
.56 



1^' 



$ 



1! 






.20 




.29 




.42 


.22 


•54 


.29 


.73 


.31 


.95 


.36 


1.2-/ 


.38 


1.49 


.40 


1.93 


.44 


2.31 


.56 


2.89 


.60 


3.35 


.64 


3.81 


.68 


4.25 


.72 


4.81 


.75 


5.75 


.87 


6.62 


.84 


7.50 


.87 







.23 

.24 

.42 

.58 

.88 

1.08 

1.49 

1.75 

2.28 

2.71 

3.13 

3.56 

4.06 

4.87 

6.06 

6.87 



NoTR — Above 15 inches the outside diameters are the noaiinal size. 
All dimensions given in inches, all weights in pounds. 
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CORRUGATED IRON 2V PITCH. 





III 


Weight €(f 100 Square Feet in Pnmdt. 


«1^ 


Loose Sheets. 


Oalvantxed Iron Laid, Adding for Lcg^ — 
for Sheet Lengths ^: 




Black. 


Galvanr- 
ized. 


6' 


6' 


r 


8' 


9' 


W 


20 
22 
24 
26 


.0376 
.0313 
.025 
.0188 


167 

139 

111 

83 


184 
156 
128 
101 


210 
178 
146 
115 


208 
176 
145 
114 


2ff1 
176 
144 
114 


206 
175 
143 
113 


206 
174 
143 
113 


205 
174 
143 
113 



Note.— If material is to be painted add 2 pounds to Uie above weights of 
100 square feet 

This table is based on galranized corrugated sheets 27'' wide and %*' deep^ 
2y^" centre to centre of corrugation. 

Before corrugating, sheets are 80" wide. 




TABIiX: OF SAFB AND CBIPPIiINO LOADS IN POUNDS PER 

SQUARE FOOT. 



•o . 


Safe Load, 


ElasHc Limit. 


OrippHng Load. 


oqI| 


Span in Feet. 


Span in Feet. 


Span in Feet. 


t^ H ^ 








^^ 




























8 

59 


4 
44 


5 
36 


6 
30 


8 

89 


4 
67 


5 
54 


6 
45 


8 


4 


5 
80 


6 


20 


134 


100 


67 


22 


48 


36 


29 


24 


71 


54 


43 


36 


107 


80 


64 


54 


24 


37 


28 


22 


19 


56 


42 


34 


28 


84 


63 


51 


42 


26 


31 


23 


18 


16 


44 


34 


2*/ 


23 


69 


52 


41 


34 



Formula : 



Tr= 98000 <6d 



W= Crippling load in pounds per square foot. 

t = Thickness of metal in inches. 

b = Centre to centre of corrugation in inches. 

d = Depth of corrugation in inches. 

I = Length of span in inches. 
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WEIGHT OF ROLLED SHEETS. 

CalculatioDs based on Specific Gravity of 7.85. 



No. 

of 
Gauge. 



0000 

000 

00 



1 
2 

3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
27 
28 

29 
30 
31 
32 

33 
34 
35 
36 



Birmingham Wirt 

Gauge and English 

Standard Gauge. 



Thickness 
in Inches. 



.454 
.425 
.380 
.340 

.300 
.284 
.259 
.238 

.220 
.203 
.180 
.165 

.148 
.134 
.120 
.109 

.095 
.083 
.072 
.065 

.058 
.049 
.042 
.035 

.032 
.028 
.025 
.022 

.020 
.018 
.016 
.014 

.013 
.012 
.010 
.009 

.008 
.007 
.005 
.004 



Weightper 



18.52 
17.34 
15.50 
13.87 

12.24 

11.59 

10.56 

9.71 

8.98 
8.28 
7.34 
6.73 

6.04 
5.47 
4.89 
4.44 

3.87 
3.38 
2.94 
2.65 

2.37 
1.99 
1.71 
1.42 

1.30 
1.14 
1.02 
0.898 

0.816 
0.734 
0.653 
0.571 

0.531 
0.489 
0.408 
0.367 

0.326 
0.286 
0.204 
0.162 



American (B. <k S.) 
Wire Gauge. 



Thickness 
in Inches, 



.460 
.410 
.365 
.325 

.289 
.258 
.229 
.204 

.182 
.162 
.144 
.129 

.114 
.102 
.091 
.081 

.072 
.064 
.057 
.051 

.045 
.040 
.036 
.032 

.028 
.025 
.023 
.020 

.018 
.016 
.014 
.013 

.011 
.010 
.009 
.008 

.007 
.006 
.006 
.005 



Weightper 
Sq. Ft. 



18.76 
16.72 
14.88 
13.26 

11.80 

10.52 

9.36 

8.33 

7.42 
6.61 
5.88 
5.24 

4.66 
4.15 
3.70 
3.29 

2.93 
2.61 
2.32 
2.07 

1.84 
1.64 
1.46 
1.30 

1.16 
1.03 
0.921 
0.821 

0.729 
0.651 
0.581 
0.515 

0.459 
0.409 
0.364 
0.324 

0.288 
0.257 
0.228 
0.204 



New U. S. Standard 
GaugCf 1875. 



Thickness 
in Inches. 



.406 
.375 

OAA 
.OMX 

.313 

.281 
.266 
.250 
.234 

.219 
.203 
.188 
.172 

.156 
.141 
.125 
.109 

.094 
.078 
.070 
.063 

.056 
.050 
.044 
.038 

.034 
.031 
-.028 
.025 

.022 
.019 
.017 
.016 

.014 
.013 
.011 
.010 

.009 
.009 
.008 
.007 



Weight per 
Sq.Ft. 



16.58 
15.30 
14.03 
12.75 

11.48 

10.84 

10.20 

9.56 

8.93 
8.29 
7.65 
7.01 

6.38 
5.74 
5.10 
4.46 

3.83 
3.19 
2.87 
2.55 

2.30 
2.04 
1.79 
1.53 

1.40 
1.28 
1.15 
1.02 

0.89 
0.77 
0.70 
0.64 

0.57 
0.51 
0.45 
0.41 

0.38 
0.35 
0.32 
0.29 
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WEIGHT OF ST££Ii PLATE. 

Poands per Lineal Foot. 



Width 

in 
Inches. 



12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
22 
23 

24 
25 
26 
27 

28 
29 
30 
32 

34 
36 
38 
40 

42 
44 
46 
48 

50 
52 
54 
56 

58 
60 



THICKNESS m INCHES. 



^ 



2.55 
2.76 
2.98 
3.19 

3.40 
3.61 
3.82 
4.04 

4.25 
4.47 
4.67 
4.88 

5.10 
5.31 
5.53 
5.74 

5.95 
6.16 
6.37 
6.80 

7.22 
7.65 
8.08 
8.50 

8.92 

9.35 

9.77 

10.20 

10.63 
11.05 
11.47 
11.90 

12.32 
12.75 



5.10 
5.52 
5.95 
6.37 

6.80 
7.22 
7.65 
8.08 

8.50 
8.92 
9.35 
9.77 

10.20 
10.63 
11.05 
11.47 

11.90 
12.32 
12.75 
13.60 

14.45 
15.30 
16.15 
17.00 

17.85 
18.70 
19.55 
20.40 

21.25 
22.10 
22.95 
23.80 

24.65 
25.50 



A 



7.65 
8.29 
8.92 
9.57 

10.20 
10.84 
11.47 
12.11 

12.75 
13.39 
14.02 
14.67 

15.30 
15.93 
16.57 
17.22 

17.85 
18.49 
19.12 
20.40 

21.67 
22.95 
24.22 
25.50 

26.77 
28.05 
29.32 
30.60 

31.87 
33.15 
34.42 
35.70 

36.97 
38.25 



\ 



10.20 
11.05 
11.90 
12.75 

13.60 
14.45 
15.30 
16.15 

17.00 
17.86 
18.70 
19.55 

20.40 
21.25 
22.10 
22.95 

23.80 
24.65 
25.50 
27.20 

28.90 
30.60 
32.30 
34.00 

35.70 
37.40 
39.10 
40.80 

42.49 
44.20 
45.90 
47.59 

49.30 
51.00 



A 



12.75 
13.81 
14.87 
15.94 

17.00 
18.06 
19.12 
20.18 

21.25 
22.32 
23.38 
24.44 

25.50 
26.56 
27.62 
28.69 

29.75 
30.81 
31.87 
34.00 

36.13 
38.25 
40.38 
42.50 

44.62 
46.76 
48.88 
51.00 

53.12 
55.25 
57.37 
59.50 

61.63 
63.75 



% 



15.30 
16.57 
17.85 
19.12 

20.40 
21.67 
22.95 
24.22 

25.50 
26.77 
28.05 
29.32 

30.60 
31.87 
33.15 
34.42 

35.70 
36.97 
38.25 
40.80 

43.35 
45.90 
48.45 
51.00 

53.55 
56.10 
58.65 
61.20 

63.75 
66.30 
68.85 
71.40 

73.95 
76.50 



1^ 



17.85 
19.34 
20.83 
22.32 

23.80 
25.28 
26.77 
28.26 

29.75 
31.24 
32.72 
34.21 

35.70 
37.19 
38.68 
40.17 

41.65 
43.13 
44.62 
47.60 

50.57 
53.55 
56.53 
59.50 

82.47 
65.45 
68.42 
71.40 

74.37 
77.35 
80.32 
83.29 

86.27 
89.25 



^ 



20.40 
22.10 
23.80 
25.50 

27.20 
28.91 
30.60 
32.29 

34.00 
35.70 
37.40 
39.11 

40.80 
42.49 
44.20 
45.90 

47.60 
49.31 
51.00 
54.40 

57.79 
61.20 
64.61 
67.99 

71.40 
74.81 
78.19 
81.60 

85.00 
88.39 
91.80 
95.20 

98.59 
102.00 
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WEIGHT OF STEEL. PL.ATE. 

Pounds per Lineal Foot. 







THICKNESS IN INCHES. 






Width 


A 


% 


H 


\ 


l§ 


% 


if 


1 


Inches. 


22.95 
24.87 
26.77 
28.69 


25.50 
27.62 
29.75 
31.87 


28.05 
30.38 
32.72 
35.07 


30.60 
33.15 
35.70 
38.25 


33.15 
35.91 
38.68 
41.44 


35.70 
38.68 
41.65 
44.62 


38.25 
41.44 
44.62 
47.82 


40.80 
44.20 
47.60 
51.00 


12 
13 
14 
15 


30.60 
32.52 
34.42 
36.34 


34.00 
36.13 
38.25 
40.37 


37.40 
39.74 
42.07 
44.41 


40.80 
43.35 
45.90 
48.45 


44.20 
46.97 
49.72 
52.48 


47.60 
50.59 
53.55 
56.52 


51.00 
54.19 
57.37 
60.56 


54.40 
57.80 
61.20 
64.60 


16 
17 
18 
19 


38.25 
40.17 
42.07 
43.99 


42.50 
44.62 
46.75 
48.88 


46.75 
49.09 
51.43 
53.76 


51.00 
53.55 
56.10 
58.65 


55.25 
58.02 
60.77 
63.55 


59.50 
62.47 
65.45 
68.43 


63.75 
66.94 
70.12 
73.32 


68.00 
71.40 
74.80 
78.20 


20 
21 
22 
23 


45.90 
47.81 
49.72 
51.64 


51.00 
53.12 
55.25 
57.37 


56.10 
58.43 
60.77 
63.12 


61.20 
63.75 
66.30 
68.85 


66.30 
69.05 
71.83 
74.59 


71.40 
74.37 
77.35 
80.32 


76.50 
79.68 
82.87 
86.07 


81.60 
85.00 
88.40 
91.80 


24 
25 
26 
27 


53.55 
55.47 
57.37 
61.20 


59.50 
61.63 
63.75 
68.00 


65.45 
67.79 
70.12 
74.80 


71.40 
73.95 
76.50 
81.60 


77.36 
80.12 
82.87 
88.40 


83.29 
86.28 
89.25 
95.20 


89.25 

92.44 

95.62 

102.00 


95.20 

98.60 

102.00 

108.80 


28 
29 
30 
32 


65.02 
68.85 
72.67 
76.50 


72.25 
76.50 
80.75 
85.00 


79.47 
84.15 
88.83 
93.49 


86.70 

91.80 

96.90 

102.00 


93.92 

99.45 

104.98 

110.50 


101.14 
107.10 
113.02 
119.03 


108.38 
114.75 
121.13 
127.50 


115.60 
122.40 
129.20 
136.00 


34 
36 
38 
40 


80.32 
84.15 
87.97 
91.80 


89.25 

93.50 

97.75 

102.00 


98.17 
102.85 
107.53 
112.20 


107.10 
112.20 
117.30 
122.40 


116.03 
121.55 
127.08 
132.60 


124.95 
130.90 
136.85 
142.80 


133.88 
140.25 
146.63 
153.00 


142.80 
149.60 
156.40 
163.20 


42 
44 
46 
48 


95.63 

99.45 

103.33 

107.10 


106.25 
110.47 
114.75 
119.00 


116.88 
121.55 
126.23 
130.90 


127.50 
132.60 
137.70 
142.80 


138.13 
143.65 
149.18 
154.70 


148.75 
154.70 
160.65 
166.60 


159.38 
165.75 
172.13 
178.50 


170.00 
176.80 
183.60 
190.40 


50 
52 
54 
56 


110.93 
114.75 


123.25 
127.50 


135.58 
140.25 


147.90 
153.00 


160.23 
165.75 


172.55 
178.50 


184.88 
191.25 


197.20 
204.00 


58 
60 
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S PER LINBAL FOOT. 



Mi 


,V" rAfct 


Via^. 


A"nw=i 


. 


^^ 


«,"/«■ 


^r 


Anam 


2*1. per 


^™«. 




IH 


rm 


^ 




^ 






% 


.213 
.899 
.266 
.898 


.063 

xm 

.078 
.086 


.42 S 
.478 

ill 


.125 
.141 
.156 
.172 


.637 
.717 

.797 
.877 


.188 
.211 
.234 

.258 


ii 


11 


.319 
.399 


.094 
.102 
.109 
.117 


.638 

:?Si 

.797 


.188 
.203 
.219 
.234 


.966 
1.04 

i.ia 

1.80 


.281 
.305 
.328 
.352 


1 


2 


.42S 
.4SS 
.478 
.SOS 


.125 
.133 
.141 
.148 


.860 
.903 
.966 
1.01 


.250 
.266 
.281 
.297 


1.88 
1.36 
1.43 
1.51 


.375 
.396 
.422 
.445 


2 


s 

a 


.631 
.611 


.156 
.164 
,172 
.180 


1.08 
1.11 
1.17 
1.22 


.313 

1344 
.359 


1.89 
1.67 
1.7S 
1.83 


.469 
.492 
516 


1 

2'la 


3 

3^ 
3^ 


.638 
.691 
.744 
.797 


.188 
,203 
,219 
,234 


.28 
.38 
.49 
.68 


.375 
.406 
.438 
.469 


1.91 
8.07 
8.83 
8.39 


.563 
.609 
.656 
.703 


3 


1 


.8fiO 
.903 
.9G6 
1.01 


.250 

1281 
,297 


1.70 
1.81 
1.91 
3.02 


.500 
,531 
.583 
,594 


8.66 
2.71 
8.87 
3.03 


.750 

.797 
.844 
.891 


1 


k 


.08 
.IS 
.17 
.28 


,313 

:344 
.359 


2.12 
2.83 
8.34 
2.44 


!656 
i719 


3.19 
3.36 
3.61 
3.87 


.938 

.984 
1.03 
1.08 


Si 


6 

r- 

8 


1.88 
1.3B 
1.49 
l.TO 


,37S 
.406 
.438 
.500 


a.ss 

2.76 
3.88 
3.40 


,750 

!875 
1.00 


3.83 
4.14 
4.48 
S.IO 


1.13 
1.22 
1.31 
1.50 


6 
8 


g 

10 

11 

12 


1.91 
2.13 

IIS 


!625 
,688 
.750 


3.83 
4.2S 
4.67 
6.10 


1.13 
1.25 
1.38 
1.50 


S.T4 

!:S! 

7.es 


1.69 
1.88 
2.06 
2.25 


9 
10 
11 
12 



FliAT BARS. 

SECTIONAL ARBAS AND WEIGHTS PER LINEAL FOOT. 



^ . 


^" Thick. 


■^" Thick. 


%" Thick. 


-S • 


WUUhi 
JnchM 


Lbs. per 


Area in 


IM.per 


Area in 


Lbs. per 


Area in 


^1 


Fool. 


Sq.Ins. 


Foot. 


Sq. Ins. 


Foot. 


Sq. Ins. 




1 


.850 


.250 


1.06 


.313 


1.28 


.375 


1 


1^ 


.956 


.281 


1.20 


.352 


1.43 


.422 


1^ 


1^4 


1.06 


.313 


1.83 


.391 


1.59 


.469 


1^ 


1% 


1.17 


OAA 


1.46 


.430 


1.75 


.516 


1% 


1^ 


1.28 


.375 


1.59 


.469 


1.91 


.563 


1^ 


1% 


1.38 


.406 


1.78 


.508 


2.07 


.609 


1% 


1^ 


1.49 


.438 


1.86 


.547 


2.23 


.656 


1% 


1*^/8 


1.59 


.469 


1.99 


.586 


2.89 


.703 


1% 


2 


1.70 


.500 


2.12 


.625 


2.55 


.750 


2 


2% 


1.81 


.531 


2.26 


.664 


2.71 


•797 


2^ 


2\ 


1.91 


.563 


2.89 


.703 


2.87 


.844 


2^ 


2% 


2.02 


.594 


2.52 


.742 


3.03 


.891 


2% 


2^ 


2.12 


.6?.S 


2.66 


.781 


3.19 


.938 


2^ 


2% 


2.28 


.656 


2.79. 


.820 


3.35 


.984 


2% 


2\ 


2.84 


.688 


2.92 


.859 


8.51 


1.03 


2% 


27/8 


2.44 


.719 


8.06 


.898 


8.67 


1.08 


2^/8 


3 


2.55 


.750 


8.19 


.938 


3.88 


1.13 


3 


3^ 


2.76 


.813 


3.45 


1.02 


4.14 


1.22 


3^ 


3^ 


2.98 


.875 


3.72 


1.09 


4.46 


1.31 


3^ 


^ 


8.19 


.938 


8.99 


1.17 


4.78 


1.41 


335^ 


4 


3.40 


1.00 


4.25 


1.25 


5.10 


1.50 


4 


4^ 


8.61 


1.06 


4.52 


1.33 


5.42 


1.59 


4^ 


^^ 


8.88 


1.13 


4.78 


1.41 


5.74 


1.69 


^ 


4% 


4.04 


1.19 


5.05 


1.48 


6.06 


1.78 


4^ 


5 


4.25 


1.25 


5.81 


1.56 


6.88 


1.88 


5 


5^ 


4.46 


1.31 


5.58 


1.64 


6.69 


1.9'/ 


5^ 


^ 


4.67 


1.38 


5.84 


1.72 


7.01 


2.06 


5^ 


5^ 


4.89 


1.44 


6.11 


1.80 


7.88 


2.16 


5% 


6 


5.10 


1.50 


6.88 


1.88 


7.65 


2.25 


6 


6^ 


5.53 


1.63 


6.91 


2.03 


8.29 


2.44 


6^ 


7 


5.95 


1.75 


7.44 


2.19 


8.98 


2.63 


7 


8 


6.80 


2.00 


8.50 


2.50 


10.20 


3.00 


8 


9 


7.65 


2.25 


9.56 


2.81 


11.48 


3.38 


9 


10 


8.50 


2.50 


10.68 


3.13 


12.75 


3.75 


10 


U 


9.85 


2.75 


11.69 


3.44 


14.03 


4.13 


11 


12 


10.20 


3.00 


12.75 


3.75 


15.80 


4.50 


12 
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FIJkT BARS. 

BECTIONAL AREAS AND WEIGHTS FEB JJKKM, FOOT. 



1^ 



1 
1% 

17/8 

2 

2^ 

2% 

S^ 

2% 
2% 

27/8 

3 

3\ 
4 

5 
5^ 

5% 

6 

6^ 

7 

8 

9 
10 
11 
12 



A" Thick. 



Lbs. per 
Fbot. 



1.49 
1.67 
1.86 
3.05 

2.23 
2.42 
2.60 
2.79 

2.98 
8.16 
8.86 
8.58 

8.72 
8.91 
4.09 
4.28 

4.46 
4.88 
5.21 
5.58 

5.95 
6.82 
6.69 
7.07 

7.44 
7.81 
8.18 
8.55 

8.98 

9.67 

10.41 

11.90 

18.89 
14.88 
16.86 
17.85 



Area in 
Sq. Ins. 

E3 



.438 
.492 
.547 
.602 

.656 
.711 
.766 
.820 

.875 
.930 
.984 
1.04 

1.09 
1.15 
1.20 
1.26 

1.31 
1.42 
1.53 
1.64 

1.75 
1.86 
1.97 
2.08 

2.19 
2.30 
2.41 
2.52 

2.63 
2.84 
3.06 
3.50 

3.94 
4.38 
4.81 
5.25 



\" Thick. 



Lbs. per 
fbot. 



1.70 
1.91 
2.12 
2.84 

2.55 
2.76 
2.98 
8.19 

8.40 
8.61 
8.88 
4.04 

4.25 
4.46 
4.68 
4.89 

5.10 
5.58 
5.95 
6.88 

6.80 
7.28 
7.65 
8.08 

8.50 
8.98 
9.85 
9.78 

10.20 
11.05 
11.90 
18.60 

15.80 
17.00 
18.70 
20.40 



Area in 
Sq. Ins. 



.500 
.563 
.625 
.688 

.750 
.813 
.875 
.938 

1.00 
1.06 
1.13 
1.19 

1.25 
1.31 
1.38 
1.44 

1.50 
1.63 
1.75 
1.88 

2.00 
2.13 
2.25 
2.38 

2.50 
2.63 
2.75 
2.88 

3.00 
3.25 
3.50 
4.00 

4.50 
5.00 
5,50 
6.00 



"^ Thick. 



Lb* per 

Foot. 



1.92 
2.15 
2.89 
2.68 

2.87 
8.11 
8.85 
8.57 

8.88 
4.08 
4.80 
4.55 

4.78 
5.02 
5.26 
5.50 

5.74 
6.22 
6.70 

7.17 

7.65 
8.18 
8.61 
9.09 

9.57 
10.04 
10.52 
11.00 

11.48 
12.48 
18.89 
15.30 

17.22 
19.14 
21.05 
22.95 



Area in 
Sq. Ins. 



.703 
.773 

.844 
.914 
.964 
1.05 

1.13 
1.20 
1.27 
1.34 

1.41 
1.48 
1.55 
1.62 

1.69 
1.83 
1.97 
2.11 

2.25 
2.39 
2.53 
2.67 

2.81 
2.95 
3.09 
3.23 

3.38 
3.66 
3.94 
4.50 

5.06 
5.63 
6.19 
6.75 



g4 



.563 1 
.633 V% 



1% 

1^ 

1% 

^^ 

1^/8 

2 

2^ 
2^ 

2% 

2^ 

2% 

2^/8 
3 

3% 

4 
4^ 

4% 

5 
5^ 

5^ 
5% 

6 

f^ 

8 

9 
10 
11 
12 
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FliAT BARS. 

SBOTIONAIi AREAS AND WEIGHTS PER lilNEAIi FOOT. 






1 

1^ 
1^ 

1% 

i\ 
1% 

1*7/8 

2 

2^ 

2% 

2^ 

2% 
2% 
27/8 

3 
3^ 

3^ 
3% 

4 
4>4 

4\ 

5 

5% 

6 

7 
8 

9 
10 
11 
12 



%" Thick. 



Lbs. per 
Foot. 



2.12 
2.89 
2.66 
2.92 

8.19 
8.45 
8.72 
8.99 

4.25 
4.52 
4.78 
5.05 

5.81 
5.58 
5.84 
6.11 

6.88 
6.91 
7.44 
7.97 

8.50 

9.08 

9.56 

10.09 

10.63 
11.16 
11.69 
12.22 

12.75 
18.81 
14.87 
17.00 

19.18 
21.25 
28.88 
25.50 



Area in 
Sq. Ins. 



.625 
.703 
.781 
.859 

.938 
1.02 
1.09 
1.17 

1.25 
1.33 
1.41 
1.48 

1.56 
1.64 
1.72 
1.80 

1.88 
2.03 
2.19 
2.34 

2.50 
2.66 
2.81 
2.97 

3.13 
3.28 
3.44 
3.59 

3.75 
4.06 
4.38 
5.00 

5.63 
6.25 
6.88 
7.50 



H" Thick. 



Lbs. per 

Foot 



2.84 
2.68 
2.92 
8.21 

8.51 
8.80 
4.09 
4.89 

4.67 
4.97 
5.26 
5.55 

5.84 
6.18 
6.48 
6.72 

7.02 
7.60 
8.18 
8.76 

9.85 

9.98 

10.52 

11.11 

11.69 
12.27 
12.85 
18.44 

14.08 
15.20 
16.86 
18.70 

21.04 
28.88 
25.71 
28.05 



Area in 
Sq. Ins. 



.688 
.773 
.859 
.945 

1.03 
1.12 
1.20 
1.29 

1.38 
1.46 
1.55 
1.63 

1.72 
1.80 
1.89 
1.98 

2.06 
2.23 
2.41 
2.58 

2.75 
2.92 
3.09 
3.27 

3.44 
3.61 
3.78 
3.95 

4.13 
4.47 
4.81 
5.50 

6.19 
6.88 
7.56 
8.25 



\" Thick, 



Lbs. per 
Foot 



2.55 
2.87 
8.19 
8.51 

8.88 
4.14 
4.47 
4.78 

5.10 
5.42 
5.74 
6.06 

6.88 
6.69 
7.02 
7.88 

7.65 
8.29 
8.98 
9.57 

10.20 
10.84 
11.48 
12.12 

12.75 
18.89 
14.08 
14.67 

15.80 
16.58 
17.85 
20.40 

22.95 
25.50 
28.05 
80.60 



Area in 
Sq. Ins. 



.750 
.844 
.938 
1.03 

1.13 
1.22 
1.31 
1.41 

1.50 
1.59 
1.69 
1.78 

1.88 
1.97 
2.06 
2.16 

2.25 
2.44 
2.63 
2.81 

3.00 
3.19 
3.38 
3.56 

3.75 
3.94 
4.13 
4.31 

4.50 
4.88 
5.25 
6.00 

6.75 
7.50 
8.25 
9.00 



•^8 



1 

1^ 

1^ 

1% 

1^ 

1% 
1% 

1% 

2 

2^ 
2^ 

2% 

2^ 

2% 
2% 

27/8 

3 
3^4 

3^ 

334 

4 
4^ 

4^ 
4% 

5 
5^ 

5^ 

6 

6^ 
7 
8 

9 
10 
11 
12 
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FliAT BARS. 

SBCTIONAL AREAS AND WEIGHTS FEB IXNEAI. FOOT. 



Widlhin 
. Inches. 


H" Thick. 


V Thick. 


H^^w*. 


§ 


Lbs. per 
Foot. 


Area in 
Sq. Ins. 


Lbs. per 
Foot 


Area in 
Sq.Ins. 

UMa 


Lbs. per 
FooL 


Areain 
Sq. Ins. 




1 

1% 


2.76 
8.11 
8.45 
3.80 


.813 
.914 
1.02 
1.12 


2.98 
8.85 
8.72 
4.09 


.875 
.984 
1.09 
1.20 


8.19 
8.60 
8.99 
4.89 


.938 
1.06 
1.17 
1.29 


1 
1% 


1^ 

1% 


4.14 
4.49 
4.88 
5.18 


1.22 
1.32 
1.42 
1.52 


4.46 
4.88 
5.21 
5.58 


1.31 
1.42 
1.53 
1.64 


4.78 
5.18 
5.58 
5.98 


1.41 
1.52 
1.64 
1.76 


1^ 
1% 

1% 


2 

2^ 

2% 


5.58 
5.88 
6.21 
6.56 


1.63 
1.73 
1.83 
1.93 


5.95 
6.82 
6.69 
7.07 


1.75 
1.86 
1.97 
2.08 


6.38 
6.77 
7.17 
7.57 


1.88 
1.99 
2.11 
2.23 


2 

2^ 
2^ 
2% 


2^ 

2% 

27/q 


6.91 
7.25 
7.60 
7.95 


2.03 
2.13 
2.23 
2.34 


7.44 
7.81 
8.18 
8.55 


2.19 
2.30 
2.41 
2.52 


7.97 
8.86 
8.77 
9.17 


2.34 
2.46 
2.58 
2-70 


2^ 

2% 

2f^8 


CO CO CO CO 


8.29 

8.98 

9.67 

10.36 


2.44 
2.64 
2.84 
3.05 


8.93 

9.67 

10.41 

11.16 


2.63 
2.84 
3.06 
3.28 


9.57 
10.86 
11.16 
11.95 


2.81 
3.05 
3.28 
3.52 


3 
3^4 

3^ 
3% 


4 

4^4 

4^ 
4\ 


11.05 
11.74 
12.43 
13.12 


3.25 
3.45 
3.66 
3.86 


11.90 
12.64 
13.39 
14.13 


3.50 
3.72 
3.94 
4.16 


12.75 
18.55 
14.84 
15.14 


3.75 

0.90 

4.22 
4.45 


4 
4^ 

4^ 

4% 


5 
5^4 


13.81 
14.50 
15.19 
15.88 


4.06 
4.27 
4.47 
4.67 


14.87 
15.62 
16.36 
17.11 


4.38 
4.59 
4.81 
5.03 


15.94 
16.74 
17.58 
18.33 


4.69 
4.92 
5.16 
5.39 


5 
5^ 

5% 


6 

?^ 

8 


16.58 
17.95 
19.34 
22.10 


4.88 
5.28 
5.69 
6.50 


17.85 
19.34 
20.83 
23.80 


5.25 

5.69 
6.13 
7.00 


19.18 
20.72 
22.32 
25.50 


5.63 
6.09 
6.50 
7.50 


6 
8 


9 
10 
11 
12 


24.86 
27.62 
30.39 
33.15 


7.31 
8.13 
8.94 
9.75 


26.78 
29.75 
32.72 
35.70 


7.88 

8.75 

9.63 

10.50 


28.69 
31.88 
85.06 
38.25 


8.44 

9.38 

10.31 

11.25 


9 
10 
11 
12 
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FliAT BARS. 

SECTIONAIi AREAS AND WEIGHTS PER lilNEAIi FOOT. 






1 

^> 
i\ 

1% 
1^ 

1% 

1% 

2 

2^ 
2^ 

2% 

2^ 

2% 

27/8 

3 
3^ 

3^ 
3% 

4 

4^ 
4% 

5 
5^ 

5\ 

6 

7^ 
8 

9 
10 
11 
12 



1" ITiic*. 



Lbs. per 
Fbot. 



8.40 
3.88 
4.25 
4.67 

5.10 
5.53 
5.95 
6.38 

6.80 
7.23 
7.65 
8.08 

8.50 
8.93 
9.35 
9.77 

10.20 
11.05 
11.90 
12.75 

13.60 
14.45 
15.30 
16.15 

17.00 

17.85 
18.70 
19.55 

20.40 
22.10 
23.80 
27.20 

30.60 
84.00 
37.40 
40.80 



Area in 
Sq. Ins. 



1.00 
1.13 
1.25 
1.38 

1.50 
1.63 
1.75 
1.88 

2.00 
2-13 
2.25 
2.38 

2.50 
2.63 
2.75 
2.88 

3.00 
3.25 
3.50 
3.75 

4.00 
4.25 
4.50 
4.75 

5.00 
5.25 
5.50 
5.75 

6.00 
6.50 
7.00 
8.00 

9.00 
10.00 
11.00 
12.00 



1^" Thick. 



Lbs. per 
FooU 



3.61 
4.08 
4.52 
4.97 

5.42 
5.87 
6.32 
6.77 

7.22 
7.68 
8.18 
8.58 

9.08 

9.49 

9.93 

10.38 

10.84 
11.74 
12.65 
13.55 

14.45 
15.35 
16.26 
17.16 

18.06 
18.96 
19.87 
20.77 

21.68 
23.48 
25.29 
28.90 

32.52 
36.13 
39.74 
43.35 



Area in 
Sq. Ins. 



1.06 
1.20 
1.33 
1.46 

1.59 
1.73 
1.86 
1.99 

2.13 
2.26 
2.39 
2.52 

2.66 
2.79 
2.92 
3.05 

3.19 
3.45 
3.72 
3.98 

4.25 
4.52 
4.78 
6.05 

5.31 
5.58 
5.84 
6.11 

6.38 
6.91 
7.44 
8.50 

9.56 
10.63 
11.69 
12.75 



1^" Thick, 



Lbs. per 
Foot. 



4.04 
4.56 
5.05 
5.55 

6.06 
6.56 
7.07 
7.57 

8.08 
8.58 
9.09 
9.59 

10.10 
10.60 
11.11 
11.61 

12.12 
13.12 
14.13 
15.14 

16.15 
17.16 
18.17 
19.18 

20.19 
21.20 
22.21 
23.22 

24.23 
26.24 
28.26 
32.30 

36.34 
40.38 
44.41 
48.45 



Area in 
Sq. Ins. 



1.19 
1.34 
1.48 
1.63 

1.78 
1.93 
2.08 
2.23 

2.38 
2.52 
2.67 
2.82 

2.97 
3.12 
3.27 
3.41 

3-56 
3.86 
4.16 
4.45 

4.75 
6.05 
5.34 
5.64 

5.94 
6.23 
6.53 
6.83 

7.13 
7.72 
8.31 
9.50 

10.69 
11.88 
13.06 
14.25 






1 

1^ 
1^ 

1% 

1^ 

1% 
1% 

1% 

2 

2^ 

2^ 
2% 

^ 
2% 

2^ 

27/8 

3 

314 
3^ 
3\ 

4 
4^ 

4^ 

4% 

5 

5^ 
5^ 
5% 

6 

7^ 
8 



I 9 
,10 

ill 
!l2 
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BOUND AND SQUARE BARS. 

Sectional area in inches x 8-4 — weight per lineal foot in pounds. 



15^ 






A 



Wright per Lineal Ibot 
in Pounds. 



Hound Square 



% 
A 



if 

\ 

t 
A 

\ 
A 



A 
A 



I 



.010 

.042 
.094 

.167 
.261 

.876 
.611 

.667 
.844 

1.048 
1.261 

1.602 
1.762 

2.044 
2.347 

2.670 
8.014 

8.879 
8.766 

4.178 
4.600 

5.049 
6.518 

6.008 
6.520 

7.051 
7.604 

8.178 
8.778 

9.888 
10.024 



.018 

.058 
.119 

.212 
.882 

.478 
.651 

.850 
1.076 

1.828 
1.607 

1.912 
2.245 

2.608 
2.989 

8.400 
8.888 

4.808 
4.795 

5.812 
5.857 

6.428 
7.026 

7.650 
8.301 

8.978 
9.682 

10.41 
11.17 

11.95 
12.76 



Area 
o/^in 
Sq. In*. 



Ill 



.0031 

.0123 
.0276 

.0491 
.0767 

.1104 
.1503 

.1963' 
.2485 

.3068 
.3712 

.4418 
.5185 

.6013 
.6903 

.7854 
.8866 

.9940 
1.1075 

1.2272 
1.3530 

1.4849 
1.6230 

1.7671 
1.9175 

2.0739 
2.2365 

2.4053 
2.5802 

2.7612 
2.9483 






s 

J 

A 

% 
% 



% 



Weight per Lineal 
Foot in I^ntnds. 



Bound 



Square 



10.68 
11.86 

12.06 
12.78 

18.51 
14.28 

15.06 
15.86 

16.69 
17.58 

18.40 
19.29 

20.20 
21.12 

22.07 
28.04 

24.01 
25.04 

26.08 
27.18 

28.20 
29.80 

30.41 
81.55 

82.71 
88.89 

85.09 
86.81 

87.56 
88.81 

40.10 
41.40 



18.60 
14.46 

15.85 
16.27 

17.22 
18.19 

19.18 
20.20 

21.25 
22.88 

28.48 
24.56 

25.71 
26.90 

28.10 
29.88 

80.60 
81.88 

88.20 
84.55 

85.91 
87.81 

88.73 
40.18 

41.65 
48.15 

44.68 
46.24 

47.82 
49.42 

51.05 
52.71 



Area 
of^in 
Sq. Ins. 



3.1416 
3.3410 

3.5466 
3.7583 

3.9761 
4.2000 

4.4301 
4.6664 

4.9087 
5.1572 

5.4119 
5.6727 

5.9396 
6.2126 

6.4918 
6.7771 

7.0686 
7.3662 

7.6699 
7.9798 

8.2958 
8.6179 

8.9462 
9.2806 

9.6211 
9.9678 

10.321 
10.680 

11.045 
11.416 

11.793 
12.177 
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ROUND AKD SQUARE BARS. 

Sectional area in inches x 8.4 «» weight per lineal foot in pounds. 






}. 

% 

\ 

A 

% 
\i 

% 

il 

A 

?« 
16 



Weight per Lineal Foot 
in Founds. 


Bound 


Square 


m 


■ 


42.72 
44.07 


54.89 
56.11 


45.44 
46.88 


57.85 
59.62 


48.28 
49.66 


61.41 
68.23 


51.11 
52.58 


65.08 
66.95 


54.07 
55.59 


68.85 
70.78 


57.12 
58.67 


72.72 
74.70 


60.25 
61.84 


76.71 
78.74 


68.46 
65.10 


80.80 
82.89 


66.76 
68.44 


85.00 
87.14 


70.13 
71.86 


89.80 
91.49 


73.60 
75.87 


98.72 
95.96 


77.15 
78.95 


98.22 
100.5 


80.77 
82.62 


102.8 
105.2 


84.48 
86.88 


107.6 
110.0 


88.29 
90.22 


112.4 
114.9 


92.16 
94.14 


117.4 
119.9 



Area 
of^in 
Sq. Ins. 



12.566 
12.962 

13.364 
13.772 

14.186 
14.607 

15.033 
15.466 

15.904 
16.349 

16.800 
17.257 

17.721 
18.190 

18.665 
19.147 

19.635 
20.129 

20.629 
21.135 

21.648 
22.166 

22.691 
23.221 

23.758 
24.301 

24.850 
25.406 

25.967 
26.535 

27.109 
27.688 



III 


Weight per Lineal 
Foot in Pounds. 




Round 


Sqiuare 


%" 


• 


■ 


6 


96.1 


122.4 


^ 


98.1 


125.0 


^ 


100.2 


127.6 


A 


102.2 


180.2 


^ 


104.3 


182.8 


1^ 


106.4 


135.5 


% 


108.5 


188.2 


A 


110.7 


140.9 


\ 


112.8 


148.6 


A 


115.0 


146.5 


% 


117.2 


149.2 


H 


119.4 


152.1 


% 


121.7 


154.9 


H 


128.9 


157.8 


% 


126.2 


160.7 


\i 


128.5 


168.6 


7 


180.9 


166.6 


^ 


183.2 


169.6 


^8 


185.6 


172.6 


^ 


187.9 


175.6 


^ 


140.4 


178.7 


t^ 


142.8 


181.8 


% 


145.2 


184.9 


iV 


147.7 


188.1 


\ 


150.2 


191.8 


A 


152.7 


194.4 


% 


165.2 


197.7 


H 


167.8 


200.9 


^ 


160.8 


204.2 


168.0 


207.6 


% 


165.6 


210.8 


168.2 


214.2 



Area 

of ^ in 

Sq. Ins. 



28.274 
28.866 

29.465 
30.069 

30.680 
31.296 

31.919 
32.548 

33.183 
33.824 

34.472 
35.125 

35.785 
36.450 

37.122 
37.800 

38.485 
39.175 

39.871 
40.574 

41.282 
41.997 

42.718 
43.445 

44.179 
44.918 

45.664 
46.415 

47.173 
47.937 

48.707 
49.483 
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AREAS OF CIBCLES. 

Diameters increaslDg by eighthi. 



No. 


No.+O. 


JVo.+H A'o. + 5^ 


A'o.+% 


No.-\-yi 


Ai».+% 


iVb.+% 





0.00000 


0.01227 


0.04909 


0.11045 


0.19635 


0.30680 


0.44179 


1 


0.'/8b40 


0.99402 


1.22'/2 


1.4849 


1.7671 


2.0'/39 


2.4053 


2 


3.1416 


3.5466 


3.9761 


4.4301 


4.9087 


5.4119 


5.9396 


3 


7.0686 


7.6699 


8.2958 


8.9462 


9.62U 


10.321 


11.045 


4 


12.566 


13.364 


14.186 


15.033 


15.904 


16.800 


17.721 


6 


19.635 


20.629 


21.648 


22.691 


23.758 


24.860 


25.967 


6 


28.274 


29.465 


:i0.680 


31.919 


33.183 


34.472 


35.78b 


7 


38.485 


39.tt'/l 


41.282 


42.718 


44.179 


46.664 


47.173 


8 


50.266 


51.849 


53.456 


55.088 


56.745 


58.426 


60.132 


9 


63.617 


65.39/ 


67.201 


69.029 


70.882 


72. '/bU 


74.662 


10 


78.540 


80.516 


82.516 


84.541 


86.590 


88.664 


90.763 


11 


95.033 


97.205 


99.402 


101.62 


103.87 


106.14 


106.43 


12 


113.10 


115.47 


117.86 


120.28 


122.72 


125.19 


127.68 


13 


132.73 


135.30 


137.89 


140.50 


143.14 


145.80 


148.49 


14 


153.94 


156.70 


159.48 


162.30 


165.13 


167.99 


170.87 


15 


176.71 


179.67 


182.65 


185.66 


188.69 


191.75 


194.83 


16 


201.06 


204.22 


207.39 


210.60 


213.82 


217.08 


220.35 


17 


226.98 


230.33 


233.71 


237.10 


240,53 


243.98 


247.45 


18 


254.47 


258.02 


261.59 


265.18 


268.80 


272.45 


276.12 


19 


283.53 


m.'// 


291.04 


294.83 


298.6b 


302.49 


306.35 


20 


314.16 


318.10 


322.06 


326.05 


330.06 


334.10 


338.16 


21 


346.36 


350.50 


354.66 


358.84 


:m.ob 


367.28 


3'/1.54 


22 


380.13 


384.46 


388.82 


393.20 


:«'/.6i 


402.04 


406.49 


23 


415.48 


420.00 


424.56 


429.13 


433.74 


438.36 


443.01 


24 


462.39 


457.11 


461.86 


466.64 


471.44 


476.26 


481.11 


25 


490.87 


495.79 


500.74 


505.71 


510.71 


515.72 


520.77 


26 


530.93 


536.05 


541.19 


546.35 


551.55 


566.76 


562.00 


27 


572.56 


bW.tf/ 


583.21 


588.57 


h93.96 


599.37 


604.81 


28 


615.75 


621.26 


626.80 


632.36 


637.94 


643.55 


649.18 


29 


660.52 


666.23 


671.96 


677.71 


683.49 


689.:i0 


695.13 


30 


706.86 


712.76 


718.69 


724.64 


730.62 


736.62 


742.64 


31 


754.77 


760.tf/ 


766.99 


773.14 


779.31 


785.51 


791.73 


32 


804.25 


810.54 


816.86 


823.21 


829.58 


835.97 


842.39 


33 


R'TS.aO 


861.79 


868.31 


874.85 


881.41 


888.00 


894.62 


34 


9a/.92 


914.61 


921.32 


928.06 


934.82 


941.61 


948.42 


35 


962.11 


969.00 


975.91 


982.84 


989.80 


996.78 


1003.8 


36 


1017.9 


1025.0 


1032.1 


1039.2 


1046.3 


1053.5 


1060.7 


37 


1075.2 


1062.5 


1U69.8 


109'/.1 


1104.5 


mi.8 


1119.2 


38 


1134.1 


1141.6 


1149.1 


1156.6 


1164.2 


1171.7 


1179.3 


39 


1194.6 


1202.3 


1210.0 


1217.7 


1225.4 


1233.2 


1241.0 


40 


1256.6 


1264.5 


12-/2.4 


1280.3 


1288.2 


1296.2 


1304.2 


41 


1320.3 


1328.3 


1336.4 


1344.5 


1352.7 


1360.8 


1369.0 


42 


1385.4 


1393.7 


1402.0 


1410.3 


1418.6 


1427.0 


1435.4 


43 


1462.2 


1460.7 


1469.1 


1477.6 


1486.2 


1494.7 


1503.3 


44 


1520.5 


1529.2 


1537.9 


1546.6 


1555.3 


1564.0 


1572.8 


45 


1590.4 


1599.3 


1608.2 


1617.0 


1626.0 


1684.9 


1643.9 


46 


1661.9 


1670.9 


1680.0 


1689.1 


1698.2 


1707.4 


1716.5 


47 


1734.9 


1744.2 


1753.5 


1762.7 


1772.1 


1781.4 


1790.8 


48 


1809.6 


1819.0 


1828.5 


1837.9 


1847.5 


1857.0 


1866.5 


49 


1885.7 


1895.4 


1905.0 


1914.7 


1924.4 


1934.2 


1943.9 



^b.+% 



0.60132 
2.7612 
6.4918 
11.793 
18.666 
27.109 
37.122 
48.707 
61.862 
76.589 

92.886 
110.75 
130.19 
151.20 
173.78 
197.93 
223.65 
250.96 
279.81 
310.24 

342.25 
375.83 
410.97 
447.69 
485.98 
525.84 
567.27 
610.27 
654.84 
700.98 

748.69 
797.98 
848.83 
901.26 
955.25 
1010.8 
1068.0 
1126.7 
1186.9 
1248.8 

1312.2 
1377.2 
1443.8 
1511.9 
1581.6 
1652.9 
1725.7 
1800.1 
1876.1 
1953.7 
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AREAS OF CIRCLES. 

Diameters increasing by eighths. 





No. 


No. +0. 


yo.+% 


No.+H 


No.+}i 


No.+y^ 


No.+% 


No.+% 


No.+% 




50 


1963.5 


1973.3 


1983.2 


1993.1 


2003.0 


2012.9 


2022.8 


2032.8 




51 


2042.8 


20R2.8 


2062.9 


2073.0 


2063.1 


2093.2 


2108.3 


2113.5 




52 


2123.7 


2133.9 


2144.2 


2154.5 


2164.8 


2175.1 


2185.4 


2195.8 




53 


2206.2 


2216.6 


222'/.0 


2237.5 


2248.0 


2258.5 


2269.1 


22'/9.6 




54 


2290.2 


2300.8 


2311.5 


2322.1 


2332.8 


2343.5 


2354.3 


2365.0 




55 


2375.8 


2386.6 


2397.5 


2408.3 


2419.2 


2430.1 


2441.1 


2452.0 




56 


2463.0 


2474.0 


2485.0 


2496.1 


2507.2 


2518.3 


2529.4 


2540.6 




57 


2551.8 


2563.0 


2574.2 


2585.4 


2596.7 


2606.0 


2619.4 


2630.7 




58 


2642.1 


2653.5 


2664.9 


2676.4 


2687.8 


2699.3 


2/10.9 


2722.4 




59 


iT/W.O 


2745.6 


2757.2 


2768.8 


2m.b 


2792.2 


2803.9 


2815.7 




60 


2«l?/.4 


2839.2 


2851.0 


2862.9 


2874.8 


2886.6 


2898.6 


2910.5 




61 


2922.5 


2934.5 


2946.5 


2958.5 


2970.6 


29&2.7 


2994.8 


3006.9 




62 


3019.1 


3031.3 


3043.5 


30bb.7 


3068.0 


3060.3 


3092.6 


3104.9 




63 


3117.2 


3129.6 


3142.0 


3154.5 


3166.9 


3179.4 


3191.9 


3204.4 




64 


3217.0 


3229.6 


3242.2 


3254.8 


3267.5 


3280.1 


;^i292.8 


3305.6 




65 


3318.3 


3331.1 


3343.9 


33b6.7 


3369.6 


3382.4 


3395.3 


3408.2 




66 


3421.2 


«j^«j^*0 


3447.2 


3460.2 


3473.2 


3486.3 


3499.4 


3512.5 




67 


3b2b.7 


3538.8 


3552.0 


3565.2 


3578.5 


3591.7 


3605.0 


3618.3 




68 


3631.7 


3645.0 


3658.4 


36/1.8 


3685.3 


3698.7 


3712.2 


3-/26.7 




69 


3'/39.3 


3752.8 


3766.4 


•3!m.o 


3-/93.7 


3807.3 


^3821.0 


3834.7 




70 


3848.5 


3862.2 


3876.0 


3889.8 


3903.6 


3917.5 


3931.4 


3945.3 




71 


3959.2 


:w^.i 


:^9H'/.l 


4001.1 


4015.2 


4029.2 


40^.3 


4057.4 




72 


4071.5 


Am.7 


4099.8 


4114.0 


4128.2 


4142.5 


4156.8 


4171.1 




73 


4185.4 


4199.7 


4214.1 


4228.5 


4242.9 


4257.4 


42'/1.8 


4286.3 




74 


4300.8 


4315.4 


4329.9 


4344.5 


4359.2 


43'/3.8 


4388.5 


4403.1 




75 


4417.9 


4432.6 


4447.4 


4462.2 


4477.0 


4491.8 


4506.7 


4521.5 




76 


4536.5 


4551.4 


4566.4 


4581.3 


4596.3 


4611.4 


4626.4 


4641.5 




77 


4656.6 


46'/1.8 


4686.9 


4702.1 


4717.3 


4732.5 


4747.8 


4763.1 




78 


4778.4 


4793.7 


4809.0 


4824.4 


4839.8 


4855.2 


48'/0.7 


4886.2 




79 


4901.7 


4917.2 


4932.7 


4948.3 


4963.9 


49-/9.5 


4995.2 


5010.9 




80 


5026.5 


5042.3 


5058.0 


50^/3.8 


5069.6 


5105.4 


5121.2 


5137.1 




81 


5153.0 


5168.9 


5184.9 


5200.8 


5216.8 


5232.8 


5248.9 


5264-9 




82 


5281.0 


5297.1 


5313.3 


5329.4 


5345.6 


5361.8 


5378.1 


5394.3 




83 


5410.6 


5426.9 


5M3.3 


5459.6 


5476.0 


5492.4 


5506.8 


5525.3 




84 


5541.8 


5558.3 


5574.8 


5591.4 


5607.9 


5624.5 


56^1.2 


5657.8 




85 


5674.5 


5691.2 


5707.9 


5724.7 


5741.5 


5758.3 


b'r/b.l 


5791.9 




86 


5806.8 


5825.7 


5842.6 


5R59.6 


5876.5 


5893.5 


5910.6 


5927.6 




8-/ 


5944.7 


5961.8 


5978.9 


5996.0 


6013.2 


6030.4 


6047.6 


6064.9 




88 


60R2.1 


6099.4 


6116.7 


6134.1 


6151.4 


6168.8 


6186.2 


6203.7 




89 


6221.1 


62:«.6 


6256.1 


62'/3.7 


6291.2 


6306.8 


6326.4 


6344.1 




90 


6361.7 


63'/9.4 


taHf/.l 


6414.9 


6432.6 


6450.4 


6468.2 


6486.0 




91 


6503.9 


6621.8 


6639.7 


6567.6 


6575.5 


6593.5 


6611.5 


6629.6 




92 


6647.6 


6665.7 


66R3.8 


e'/01.9 


6/20.1 


6'/:«.2 


6756.4 


6774.7 




93 


6792.9 


6811.2 


6829.5 


6847.8 


6866.1 


6884.5 


6902.9 


6921.3 




94 


6939.8 


6958.2 


6976.7 


6995.3 


7013.8 


7032.4 


7051.0 


7069.6 




95 


7068.2 


7106.9 


7125.6 


7144.3 


7163.0 


7181.8 


7200.6 


7219.4 




96 


7238.2 


7257.1 


7276.0 


7294.9 


'/313.8 


'rsx>,.s 


'/351.8 


7370.8 




97 


7389.8 


7408.9 7428.0 


7447.1 


7466.2 


74a5.3 


7504.5 


7623.7 




98 


7543.01 


7562.2 


7581.5 


7600.8 


7620.1 


•/639.5 


'/668.9 


'/e'/8.3 




99 


7697.7 


7717.1 


7736.6 


7756.1 


•/•/•/b.6 


7796.2 


'/814.8 


7834.4 


^ 
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CIRCUMFERENCES, CIRCITLAB AREAS, SQUARES, CUBES, 

SQUARE ROOTS, CUBE ROOTS, I«06ARITHMS, AND 

RECIPROCALS OF NOS. FROM 1 TO lOOO. 



No. 


A^o. -- 


= Diam. 


Square. 


Cube, 


Square 
Boot, 


Cfube 
BooL 


Log, 


1000 X 


Oiretan. 


Area, 


Bedp, 


1 


3.142 


0.7854 


1 


1 


1.0000 


1.0000 


0.00000 


1000.000 


2 


6.283 


3.1416 


4 


8 


1.4142 


1.2599 


0.30108 


500.000 


3 


9.425 


7.0686 


9 


27 


1.7321 


1.4422 


0.47712 


333.333 


4 


12.566 


12.5664 


16 


64 


2.0000 


1.5874 


0.60206 


250.000 


5 


15.708 


19.6350 


25 


125 


2.2361 


1.7100 


o.ese^/ 


200.000 


6 


18.850 


28.2743 


36 


216 


2.4495 


1.8171 


0.77815 


166.667 


7 


21.991 


38.4845 


49 


343 


2.6458 


1.9129 


0.84510 


142.857 


8 


25.133 


50.2665 


64 


512 


2.8284 


2.0000 


0.90309 


125.000 


9 


28.274 


63.6173 


81 


•/29 


3.0000 


2.0801 


0.95424 


111.111 


10 


31.416 


78.5398 


100 


1000 


3.1«2:^ 


2.1544 


1.00000 


100.000 


11 


34.558 


95.0332 


121 


1331 


3.3166 


2.2240 


1.04139 


90.9091 


12 


37.699 


113.09"/ 


144 


1728 


3.4641 


2.2894 


l.a/918 


83.3333 


13 


40.841 


132.732 


169 


2197 


3.6056 


2.3513 


1.11394 


76,f«fl 


14 


43.982 


153.938 


196 


2744 


3.7417 


2.4101 


1.14613 


71.4286 


15 


47.124 


176.715 


225 


3375 


3.8'r30 


2.4662 


1.17609 


66.6bb7 


16 


50.265 


201.062 


256 


4096 


4.0000 


2.5198 


1.20412 


62.5000 


17 


53.407 


226.980 


289 


4913 


4.1231 


2.5713 


1.23045 


58.823b 


18 


56.549 


254.469 


324 


5832 


4.2426 


2.6207 


1.25527 


55.5556 


19 


59.690 


283.529 


361 


6859 


4.3589 


2.6684 


1.2'/8'/b 


52.6316 


20 


62.R32 


314.159 


400 


8000 


4.4ra 


2.7144 


1.30103 


50.0000 


^ 


65.973 


346.361 


441 


9261 


4.5826 


2.7589 


i.:</!m 


47.6190 


22 


69.115 


380.133 


484 


10648 


4.6904 


2.8020 


1.34242 


45.4545 


23 


72.257 


415.476 


529 


12167 


4.7958 


2.8439 


1.36173 


43.4783 


24 


75.398 


452.389 


576 


13824 


4.8990 


2.8845 


1.38021 


41.6667 


25 


78.540 


490.8'/4 


625 


15625 


5.0000 


2.9240 


1.39'/94 


40.0000 


26 


81.681 


530.929 


676 


17576 


5.0990 


2.%?R 


1.41497 


38.4615 


27 


84.823 


572.555 


729 


19683 


5.1962 


3.0000 


1.43136 


37.0370 


28 


87.965 


615.752 


784 


21952 


5.2915 


3.0366 


1.44716 


35.7143 


29 


91.106 


660.520 


841 


24389 


5.3852 


3.0723 


1.46240 


34.4828 


30 


94.248 


706.858 


900 


27000 


5.47'/2 


3.1072 


1.47712 


33.3333 


31 


97.389 


754.768 


961 


29791 


5.5678 


3.1414 


1.49136 


32.2581 


32 


100.531 


804.248 


1024 


32768 


5.6569 


3.1748 


1.50515 


31.2500 


33 


103.673 


855.299 


1089 


35937 


5.7446 


3.2075 


1.51851 


30.3030 


34 


106.814 


907.920 


1156 


39304 


5.8310 


3.2396 


1.53148 


29.4118 


35 


109.956 


962.113 


1225 


42875 


5.9161 


3.2711 


1.54407 


28.bn4 


36 


113.097 


1017.88 


1296 


46656 


6.0000 


3.3019 


1.55630 


'xj.rm 


37 


116.239 


1075.21 


1369 


50653 


6.0828 


3.3322 


1.56820 


27.0270 


38 


119.381 


1134.11 


1444 


54872 


6.1644 


3.3620 


1.57978 


26.3158 


39 


122.522 


1194.59 


1521 


59319 


6.2450 


3.3912 


1.59106 


25.6410 


40 


125.66 


1256.64 


1600 


64000 


6.3246 


3.4200 


1.60206 


25.0000 


41 


128.81 


1320.25 


1681 


68921 


6.4031 


3.4482 


1.61278 


24.3902 


42 


131.95 


1385.44 


1764 


74088 


6.4807 


3.4760 


1.62325 


23.8095 


43 


135.09 


1452.20 


1849 


79507 


6.5574 


3.5034 


1.63347 


23.2558 


44 


138.23 


1520.53 


1936 


85184 


6.6332 


3.5303 


1.64345 


"xi.rm 


45 


141.37 


1590.43 


2025 


91125 


6.7082 


3.5569 


1.65321 


72.777:?, 


46 


144.51 


1661.90 


2116 


97336 


6.7823 


3.5830 


1.66276 


21.7391 


47 


147.65 


1734.94 


2209 


103823 


6.8557 


3.6088 


1.67210 


21.2766 


48 


150.80 


1809.56 


2304 


110592 


6.9282 


3.6342 


1.68124 


20.8333 


49 


153.94 

t 


1885.74 


2401 


117649 


7.0000 


3.6593 


1.69020 


20.4082 
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ClBC17MFEIt£NCi:^ ClKCtJI.AIt AIl£AS, SQUARES, CUBES, 

SQUARE ROOTS, CUBE ROOTS, I.OOARITHMS, AXD 

RECIPROCAI.S OF NOS. FROM 1 TO 1000. 



No, 


No.= 


Diam. 


Square. 


Cube. 


Square 
Boot. 


Cube 
Boot. 


Log. 


1000 X 


Oircum, 


Area, 


Becip. 


50 


157.08 


1963.50 


2500 


125000 


7.0711 


3.6840 


1.69897 


20.0000 


51 


160.22 


2042.82 


2601 


132651 


7.1414 


3.7084 


1.70757 


19.6078 


52 


163.36 


2123.72 


2704 


140608 


7.2111 


3.7325 


1.71600 


19.2308 


53 


166.50 


2206.18 


2809 


148877 


7.2801 


3.7563 


1.72428 


18.8679 


5^ 


169.65 


2290.22 


2916 


157464 


7.3485 


3.7'/y8 


1.73239 


18.5185 


55 


172.79 


2375.83 


3025 


166375 


7.4162 


3.8030 


1.74036 


18.1818 


56 


175.93 


2463.01 


3136 


175616 


7.4833 


3.8259 


1.74819 


17.8571 


57 


179.07 


2551.76 


3249 


185193 


7.5498 


3.8485 


1.75587 


17.5439 


58 


182.21 


2642.08 


3364 


195112 


7.6158 


3.8709 


1.76343 


17.2414 


59 


185.35 


2'/33.97 


3481 


205379 


7.6811 


3.8930 


1.77085 


16.9492 


60 


188.50 


2827.43 


3600 


216000 


7.7460 


3.9149 


1.77815 


16.6667 


61 


191.64 


2Sf2ZA7 


S-z^l 


226981 


7.8102 


3.9365 


1.78533 


16.3934 


62 


194.78 


3019.07 


3844 


238328 


7.8740 


3.9579 


1.79239 


16.1290 


63 


197.92 


3117.25 


3969 


250047 


7.9373 


3.9791 


1.79934 


15.8730 


64 


201.06 


3216.99 


4096 


262144 


8.0000 


4.0000 


1.80618 


15.6250 


65 


204.20 


3318.31 


4225 


274625 


8.0623 


4.0207 


1.81291 


15.3846 


66 


207.35 


3421.19 


4356 


287496 


8.1240 


4.0412 


1.81954 


15.1515 


67 


210.49 


3525.65 


4489 


300763 


8.1854 


4.0615 


1.82607 


14.9254 


68 


213.63 


3631.68 


4624 


314432 


8.2462 


4.0817 


1.83251 


14.7059 


69 


216.77 


3739.28 


4761 


328509 


8.3066 


4.1016 


1.83885 


14.4928 


70 


219.91 


3848.45 


4900 


343000 


8.3666 


4.1213 


1.84510 


14.2857 


71 


223.05 


3959.19 


5041 


357911 


8.4261 


4.1408 


1.85126 


14.0845 


72 


226.19 


4071.50 


5184 


373248 


8.4853 


4.1602 


1.85733 


13.8889 


73 


229.34 


4185.39 


5329 


389017 


8.5440 


4.1793 


1.86332 


13.6986 


74 


232.48 


4300.84 


5476 


405224 


8.6023 


4.1983 


1.86923 


13.5135 


75 


235.62 


4417.86 


5625 


421875 


8.6603 


4.2172 


1.8'/b06 


13.3333 


76 


238.76 


4536.46 


5776 


438976 


8.7178 


4.2358 


1.88081 


13.1579 


77 


241.90 


4656.63 


5929 


456533 


8.7750 


4.25*3 


1.88649 


12.9870 


78 


245.04 


4778.36 


6084 


474552 


8.8318 


4.2'/2'/ 


1.89209 


12.8205 


79 


248.19 


4901.67 


6241 


493039 


8.8882 


4.2908 


1.89763 


12.6582 


80 


251.33 


5026.56 


6400 


512000 


8.9443 


4.3089 


1.90300 


12.5000 


81 


254.47 


5153.00 


6561 


531441 


9.0000 


4.3267 


1.90849 


12.3467 


82 


257.61 


5281.02 


6724 


551368 


9.0554 


4.3445 


1.91381 


12.1951 


83 


260.75 


5410.61 


6889 


571787 


9.1104 


4.3621 


1.91908 


12.0482 


84 


263.89 


5541.77 


7056 


592704 


9.1652 


4.3'/9b 


1.92428 


11.9048 


85 


267.04 


5674.50 


7225 


614125 


9.2195 


4.3968 


1.92942 


11.76*7 


86 


270.18 


5808.80 


7396 


636056 


9.2736 


4.4140 


1.93450 


11. 62-/9 


87 


2'A3.32 


5944.68 


7569 


658503 


9.3274 


4.4310 


1.93952 


11.4943 


88 


276.46 


6082.12 


7744 


681472 


9.3808 


4.4480 


1.94448 


11.3636 


89 


279.60 


6221.14 


7921 


704969 


9.4340 


4.4647 


1.94939 


11.2360 


90 


282.74 


6361.73 


8100 


729000 


9.4868 


4.4814 


1.95424 


11.1111 


91 


2«).88 


6503.88 


8281 


753571 


9.5394 


4.4979 


1.95904 


10.9890 


92 


289.03 


6647.61 


8464 


778688 


9.5917 


4.5144 


1.96379 


10.8696 


93 


292.17 


6/92.91 


8649 


804357 


9.643*/ 


4.5307 


1.96848 


10.7527 


94 


295.31 


6939.78 


8836 


830584 


9.6954 


4.5468 


1.97313 


10.6383 


95 


298.45 


7088 22 


9025 


8b73'/b 


9.7468 


4.5629 


1.977/2 


10.5263 


96 


301.59 


723R.23 


9216 


884736 


9.7980 


4.5789 


1.9822*/ 


10.4167 


97 


304.73 


•/389.81 


9409 


912673 


9.8489 


4.5947 


1.98677 


10.3093 


98 


307.88 


7542.96 


9604 


941192 


9.8995 


4.6104 


1.99123 


10.2041 


99 


311.02 


7697.69 


9801 


970299 


9.9499 


4.6261 


1.99564 


10.1010 



800 



CIRCUMFERENCES, CIRCULAR AREAfl, SQUARES, CURBS, 

SQUARE ROOTS, CURE ROOTS, I.OOARITHMS, AND 

RECIPROCALS OF NOS. FROM 1 TO 1000. 





Ab. - 


'JHam. 




No. 






Square. 








Circum. 


Area. 




100 


314.16 


7853.98 


10000 


101 


317.30 


8011.86 


10201 


102 


320.44 


8171.28 


10404 


103 


323.58 


8332.29 


10609 


104 


326.73 


8494.87 


10816 


lOR 


329.87 


8669.01 


11025 


106 


333.01 


8824.73 


11236 


107 


336.15 


8992.02 


11449 


106 


339.29 


9160.88 


11664 


109 


342.43 


9331.32 


11881 


110 


345.58 


9603.32 


12100 


111 


348.72 


9676.89 


12321 


112 


351.86 


9652.03 


12544 


113 


355.00 


10028.7 


12769 


114 


358.14 


10207.0 


12996 


115 


361.28 


10386.9 


13225 


116 


364.42 


10568.3 


13456 


117 


367.57 


10751.3 


13689 


118 


370.71 


10935.9 


13924 


119 


373.85 


11122.0 


14161 


120 


376.99 


11309.7 


14400 


121 


380.13 


11499.0 


14641 


122 


383.27 


11689.9 


14884 


123 


386.42 


11882.3 


15129 


124 


389.56 


12076.3 


15376 


125 


392.70 


12271.8 


15625 


126 


395.84 


12469.0 


15876 


127 


398.96 


12667.7 


16129 


128 


402.12 


12868.0 


16384 


129 


405.27 


13069.8 


16641 


130 


408.41 


13273.2 


16900 


131 


411.55 


13478.2 


17161 


132 


414.69 


13684.8 


17424 


133 


417.83 


13892.9 


17689 


134 


420.97 


14102.6 


17956 


135 


424.12 


14313.9 


18225 


136 


427.26 


14526.7 


18496 


13-/ 


430.40 


14741.1 


18769 


138 


433.54 


14957.1 


19044 


139 


436.68 


15174.7 


19321 


140 


439.82 


15393.8 


19600 


141 


442.96 


15614.5 


19881 


142 


446.11 


15836.8 


20164 


143 


449.25 


16060.6 


20449 


144 


452.39 


16286.0 


20736 


145 


455.53 


16513.0 


21025 


146 


458.67 


16741.5 


21316 


147 


461.81 


16971.7 


21609 


148 


464.96 


17203.4 


21904 


149 


468.10 


17436.6 


22201 



Cube. 



Square 
Boot, 



1000000 

1030801 
1061206 
1092727 
1124864 

1157625 
1191016 
1225043 
1259712 
1296029 

1331000 
1367631 
1404928 
1442897 
1481544 

1520675 
1560896 
1601613 
1643032 
1686159 

1728000 
1771661 
1815848 
1860867 
1906624 

1953125 
2000376 
2048383 
2097152 
2146689 

2197000 
2248091 
2299968 
2352637 
2406104 

2460375 
2515456 
2571353 
2628072 
2685619 

2744000 
2803221 
2863288 
2924207 
2986984 

3048625 
3112136 
3176523 
3241792 
3307949 



10.0000 
10.0499 
10.0995 
10.1489 
10.1960 

10.2470 
10.2966 
10.3441 
10.3923 
10.4403 

10.4881 
10.5357 
10.5830 
10.6301 
10.6771 

10.7238 
10.7703 
10.8167 
10.8628 
10.9087 

10.9645 
11.0000 
11.0464 
11.0906 
11.1356 

11.1803 
11.2250 
11.2694 
11.3137 
11.3578 

11.4018 
11.4456 
11.4891 
11.5326 
11.5758 

11.6190 
11.6619 
11.7047 
11.7473 
11.7898 

11.8322 
11.8743 
11.9164 
11.9683 
12.0000 

12.0416 
12.0830 
12.1244 
12.1666 
12.2066 



Cube 
Root 


Log. 


4.6416 


2.00000 


4.6670 


2.00432 


4.6723 


2.00660 


4.6875 


2.01284 


4.7027 


2.01703 


4.7177 


2.02119 


4.7326 


2.02531 


4.7475 


2.02938 


4.7622 


2.03342 


4.7789 


2.03743 


4.7914 


2.04139 


4.8069 


2.04532 


4.8203 


2.04922 


4.8346 


2.05308 


4.8488 


2.06690 


4.8629 


2.06070 


4.8770 


2.06446 


4.8910 


2.06819 


4.9049 


2.07188 


4.9187 


2.07565 


4.9324 


2.07918 


4.9461 


2.06279 


4.9597 


2.0Bbk9b 


4.9732 


2.08991 


4.9866 


2.09342 


5.0000 


2.09691 


5.0133 


2.10037 


5.0265 


2.10380 


5.0397 


2.10721 


5.0628 


2.11069 


6.0658 


2.11394 


5.0788 


2.11727 


5.0916 


2.12057 


5.1045 


2.12385 


5.1172 


2.12710 


5.1299 


2.13033 


5.1426 


1.13354 


5.1551 


2.13672 


5.1676 


2.13988 


5.1801 


2.14301 


5.1925 


2.14613 


5.2048 


2.14922 


5.2171 


2.15229 


5.2293 


2.15634 


5.2415 


2.15836 


5.2536 


2.16137 


5.2656 


2.16435 


5.2776 


2.16732 


5.2896 


2.17026 


5.3015 


2.17319 



1000 Y. 
JBecip. 

10.0000 
9.90099 
9.80392 
9.70874 
9.61538 

9.52381 
9.43396 
9.34679 
9.25926 
9.17431 

9.09091 
9.00901 
8.92887 
8.84966 
8.77133 

8.69665 
8.62069 
8.54701 
8.47458 
8.40336 

8.33333 
8.26446 
8.19672 
8.13008 
8.06452 

8.00000 
7.93651 
7.87402 
7.81250 
7.75194 

7.69231 
7.63389 
7.57876 
7.51880 
7.46269 

7.40741 
7.35294 
7.29927 
7.24638 
7.19424 

7.14286 
7.09220 
7.04225 
6.99301 

0.«7TTTT 

6.89665 
6.84932 
6.80272 
6.75676 
6.71141 
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t 



ClBCmCFERENOCS, OIROULAB AREAS, SQUARES, CUBES, 

SQUARX: ROOTS, CUBE ROOTS, I.OOABITHMS, AND 

RECIPROCAI.S OF NOS. FROM 1 TO 1000. 



No, 


No. = 


: Diam. 








Square. 




Oircum. 


Area. 




150 


471.24 


17671.5 


22500 


151 


474.38 


17907.9 


22801 


152 


477.52 


18145.8 


23104 


153 


480.66 


18385.4 


23409 


154 


483.81 


18626.5 


23716 


15b 


486.95 


18869.2 


24025 


156 


490.09 


19113.4 


24336 


157 


493.23 


19359.3 


24649 


158 


496.37 


19606.7 


24964 


159 


499.51 


19855.7 


25281 


160 


502.65 


20106.2 


25600 


161 


505.80 


20358.3 


25921 


162 


508.94 


20612.0 


26244 


163 


512.08 


20867.2 


26569 


164 


515.22 


21124.1 


26896 


165 


518.36 


21382.5 


27225 


166 


521.50 


21642.4 


27556 


167 


524.65 


21904.0 


27889 


168 


527.79 


22167.1 


28224 


169 


530.93 


22431.8 


28561 


170 


534.07 


22698.0 


28900 


171 


537.21 


22965.8 


29241 


172 


540.35 


23235.2 


29584 


173 


543.50 


23506.2 


29929 


174 


546.64 


23778.7 


30276 


175 


549.78 


24062.8 


30625 


176 


552.92 


24328.5 


30976 


177 


556.06 


24605.7 


31329 


178 


559.20 


24884.6 


31684 


r/9 


562.35 


25164.9 


32041 


180 


565.49 


25446.9 


32400 


181 


568.63 


25730.4 


32761 


182 


571.77 


26015.5 


33124 


183 


574.91 


26302.2 


33489 


184 


578.05 


26590.4 


33856 


185 


581.19 


26880.3 


34225 


186 


584.34 


27171.6 


34596 


W 


587.48 


27464.6 


34969 


188 


590.62 


27759.1 


35344 


189 


593.76 


28055.2 


35721 


190 


596.90 


28352.9 


36100 


191 


600.04 


28652.1 


36481 


192 


603.19 


28952.9 


36864 


193 


606.33 


29255.3 


37249 


194 


609.47 


29559.2 


37636 


195 


612.61 


29864.8 


38025 


196 


615.75 


30171.9 


38416 


197 


618.89 


30480.5 


38809 


198 


622.04 


30790.7 


39204 


199 


625.18 


31102.6 


39601 



3375000 
3442951 
3511808 
3581577 
3652264 

3723875 
3796416 
3869893 
3944312 
4019679 

4096000 
4173281 
4251528 
4330747 
4410944 

4492125 
4574296 
4657463 
4741632 
4826809 

4913000 
5000211 
5088448 
5177717 
5268024 

5359375 
5451776 
5545233 
5639752 
5735339 

5832000 
5929741 
6028568 
6128487 
6229504 

6331625 
6434856 
6539203 
6644672 
6751269 

6859000 
6967871 
7077888 
7189057 
7301384 

7414875 
7529536 
7645373 
7762392 
7880599 



Square 


Cube 


Log, 


Moot. 


Hoot. 


12.2474 


5.3133 


2.17609 


12.2882 


5.3251 


2.17898 


12.3288 


5.3368 


2.18184 


12.3693 


5.3485 


2.18469 


12.4097 


5.3601 


2.18752 


12.4499 


5.3717 


2.19033 


12.4900 


5.3832 


2.19312 


12.5300 


5.3947 


2.19590 


12.5698 


5.4061 


2.19866 


12.6095 


5.4175 


2.20140 


12.6491 


5.4288 


2.20412 


12.6886 


5.4401 


2.20683 


12.7279 


5.4514 


2.20952 


12.7671 


5.4626 


2.21219 


12.8062 


5.4737 


2.21484 


12.8452 


5.4848 


2.21748 


12.8841 


5.4959 


2.22011 


12.9228 


5.5069 


2.22272 


12.9615 


5.5178 


2.22531 


13.0000 


5.5288 


2.22789 


13.0384 


5.5397 


2.23045 


13.0767 


5.5505 


2.23300 


13.1149 


5.5613 


2.23553 


13.1529 


5.5721 


2.23805 


13.1909 


5.5828 


2.24055 


13.2288 


5.5934 


2.24304 


13.2665 


5.6041 


2.24551 


13.3041 


5.6147 


2.24797 


13.3417 


5.6252 


2.25042 


13.3791 


5.6357 


2.25285 


13.4164 


5.6462 


2.25527 


13.4536 


5.6567 


2.25768 


13.4907 


5.6671 


2.26007 


13.5277 


5.6774 


2.26245 


13.5647 


5.6877 


2.26482 


13.6015 


5.6980 


2.26717 


13.6382 


5.7083 


2.26951 


13.6748 


5.7185 


2.27184 


13.7113 


5.7287 


2.27416 


13.7477 


5.7388 


2.27646 


13.7840 


5.7489 


2.27875 


13.8203 


5.7590 


2.28103 


13.8564 


5.7690 


2.28330 


13.8924 


5.7790 


2.28556 


13.9284 


5.7890 


2.28780 


13.9642 


5.7989 


2.29003 


14.0000 


5.8088 


2.29226 


14.0357 


5.8186 


2.29447 


14.0712 


5.8285 


2.29667 


14.1067 


5.8383 


2.29685 



6.66667 
6.62252 
6.57895 
6.53595 
6.49351 

6.45161 
6.41026 
6.36943 
6.32911 
6.28931 

6.25000 
6.21118 
6.17284 
6.13497 
6.09756 

6.06061 
6.02410 
5.98802 
5.95238 
5.91716 

5.88235 
5.84795 
5.81396 
5.78035 
5.74713 

5.71429 
5.68182 
5.64972 
5.61798 
5.58659 

5.55556 
5.52486 
5.49451 
5.46448 
5.43478 

5.40641 
5.37634 
5.34759 
5.31915 
5.29101 

5.26316 
5.23560 
5.20833 
5.18135 
5.15464 

5.12821 
5.10204 
5.07614 
5.05051 
5.02513 
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ClROtTMFER£NC£d, CIBOtTLAR ABBAd, SQtJAR£», CUBBS, 

SQUARE BOOTS, CUB£ BOOTS, liOOABTTHMS, AND 

BECrPBOCAI^ OF NOS. FBOM 1 TO 1000. 





iVJ>.= 


Diam, 






Ko. 






Square. 


Cube. 








Circum. 


Area, 






200 


628.32 


31415.9 


40000 


8000000 


201 


631.46 


31730.9 


40401 


8120601 


202 


634.60 


32047.4 


40804 


8242408 


203 


637.74 


3236f>.5 


41209 


8365427 


204 


640.89 


32685.1 


41616 


8489664 


205 


644.03 


33006.4 


42025 


8615125 


206 


647.17 


33329.2 


42436 


8741816 


207 


650.31 


33653.5 


42849 


8869743 


208 


653.45 


33y/9.5 


43264 


8998912 


2U9 


656.59 


34307.0 


43681 


91,29329 


210 


659.73 


34636.1 


44100 


9261000 


211 


662.88 


34966.7 


44521 


9393931 


212 


666.02 


35298.9 


44944 


9528128 


213 


669.16 


35632.7 


45369 


9663597 


214 


672.30 


35968.1 


45796 


9800344 


215 


675.44 


36305.0 


46225 


9938375 


216 


678.58 


36643.5 


46656 


100'/7696 


217 


661.73 


36983.6 


47089 


10218313 


218 


684.87 


37325.3 


47524 


10360232 


219 


688.01 


37668.5 


47961 


10503459 


220 


691.15 


38013.3 


48400 


10648000 


221 


694.29 


38359.6 


48841 


10'/93861 


222 


697.43 


38707.6 


49284 


10941048 


223 


700.58 


39057.1 


49729 


11089567 


224 


703.72 


39408.1 


50176 


11239424 


225 


706.86 


39760.8 


50625 


11390625 


226 


710.00 


40115.0 


51076 


11543176 


227 


713.14 


40470.8 


51529 


11697083 


228 


716.28 


40828.1 


51984 


11852352 


229 


719.42 


41187.1 


52441 


12008989 


230 


722.57 


41547.6 


52900 


12167000 


231 


725.71 


41909.6 


53361 


12326391 


232 


728.85 


42273.3 


53824 


12487168 


233 


731.99 


42638.5 


54289 


12649337 


234 


735.13 


43005.3 


54756 


12812904 


235 


738.27 


43373.6 


55225 


12977876 


236 


741.42 


43743.5 


55696 


13144256 


237 


744.56 


44115.0 


56169 


13312053 


238 


747.70 


44488.1 


56644 


13481272 


239 


750.84 


44862.7 


57121 


13651919 


240 


753.98 


45238.9 


57600 


13824000 


241 


757.12 


45616.7 


58081 


13997521 


242 


760.27 


45996.1 


58564 


14172488 


243 


763.41 


46377.0 


59049 


14348907 


244 


766.55 


46759.5 


59536 


14526784 


245 


769.69 


47143.5 


60025 


14706125 


246 


772.83 


47529.2 


60516 


14886936 


247 


775.97 


47916.4 


61009 


15069223 


248 


779.12 


48305.1 


61504 


15252992 


2^9 


782.26 


48695.5 


62001 


15438249 



Square 
Boot. 



14.1421 
14.1774 
14.2127 
14.2478 
14.2829 

14.3178 
14.3527 
14.3875 
14.4222 
14.4568 

14.4914 
14.5258 
14.5602 
14.5945 
14.6287 

14.6629 
14.6969 
14.7309 
14.7648 
14.7986 

14.8324 
14.8661 
14.8997 
14 9332 
14.9666 

15.0000 
15.0333 
15.0665 
15.0997 
15.1327 

15.1658 
15.1987 
15.2315 
15.2643 
15.2971 

15.3297 
15.3623 
15.3948 
15.4272 
15.4596 

15.4919 
15.5242 
15.5563 
15.5885 
15.6205 

15.6525 
15.6844 
15.7162 
15.7480 
15.7797 



Cube 
Hoot. 


Log. 


5.8480 


2.30103 


5.8578 


2.30320 


5.8675 


2.30535 


5.8771 


2.30750 


5.8868 


2.30963 


5.8964 


2.31175 


5.9059 


2.31387 


5.9155 


2.31597 


5.9250 


2.31806 


5.9345 


2.32015 


5.9439 


2.32222 


5.9533 


2.32428 


5.9627 


2.32634 


5.9721 


2.32838 


5.9814 


2.33041 


5.9907 


2.33244 


6.0000 


2.33445 


6.0092 


2.33646 


6.0185 


2.33846 


6.0277 


2.34044 


6.0368 


2.34242 


6.0459 


2.34439 


6.0550 


2.34635 


6.0641 


2.34830 


6.0732 


2.35025 


6.0822 


2.35218 


6.0912 


2.35411 


6.1002 


2.35603 


6.1091 


2.35793 


6.1180 


2.35984 


6.1269 


2.36173 


6.1358 


2.36361 


6.1446 


2.36549 


6.153* 


2.36736 


6.1622 


2.36922 


6.1710 


2.37107 


6.1797 


2.37291 


6.1885 


2.37475 


6.1972 


2.37658 


6.2058 


2.37840 


6.2145 


2.38021 


6.2231 


2.38202 


6.2317 


2.38382 


6.2403 


2.38561 


6.2488 


2.38739 


6.2573 


2.38917 


6.2658 


2.39094 


6.2743 


2.39270 


6.2828 


2.39445 


6.2912 


2.39620 



1000 X 
Recip. 

5.00000 
4.97512 
4.95050 
4.926U 
4.90196 

4.87805 
4.85437 
4.83092 
4.80769 
4.78469 

4 
4 
4 
4 
4 

4.65116 
4.62963 
4.60829 
4.58716 
4.56621 



,76190 
,73934 
,71698 
,69484 
,67290 



54645 
52489 
50450 
48431 
46429 



4 ^i|i|iji) 

4."42478 
4.40629 
4.38596 
4.36681 

4.34783 
4.32900 
4.31034 
4.29185 
4.27350 

4.25532 
4.23729 
4.21941 
4.20168 
4.18410 

4. 
4. 
4. 
4. 
4. 

4.08163 
4.06504 
4.04858 
4.03226 
4.01606 



,16667 
,14938 
.13223 
11523 
09836 



312 



CIBCVMF£BENCES, CIRCITLAB AREAS, SQUARES, CUBES, 

SQUARE ROOTS, CUBE ROOTS, I.OOARITHMS, AKB 

RECrPROCAXS OF NOS. FROM 1 TO 1000. 



No, 



No, = Diam. 



Cfircum. 



785.40 
788.54 
791.68 
794.82 
797.96 

801.11 
804.25 
807.39 
810.53 
813.67 

816.81 
819.96 
823.10 
826.24 
829.38 

832.52 
835.66 
838.81 
841.95 
845.09 

848.23 
851.37 
854.51 
857.66 
860.80 

863.94 
867.08 
870.22 
873.36 
876.50 

879.65 
882.79 
885.93 
889.07 
892.21 

895.35 
898.50 
901,64 
904.78 
907.92 

911.06 
914.20 
917.35 
920.49 
923.63 

926.77 
929.91 
933.05 
936.19 
939.34 



Area. 



49087.4 
49480.9 
49875.9 
50272.6 
50670.7 

51070.5 
51471.9 
51874.8 
52279.2 
52685.3 

53092.9 
53502.1 
53912.9 
54325.2 
54739.1 

55154.6 
55571.6 
55990.3 
56410.4 
56832.2 

57255.5 
57680.4 
58106.9 
58534.9 
58964.6 

59395.7 
59828.5 
60262.8 
60698.7 
61136.2 

61575.2 
62015.8 
62458.0 
62901.8 
63347.1 

63794.0 
64242.4 
64692.5 
65144.1 
65597.2 

66052.0 
66508.3 

67425.6 
67886.7 

68349.3 
68813.5 
69279.2 
69746.5 
70215.4 



Square. 



62500 
63001 
63504 
64009 
64516 

65025 
65536 
66049 
66564 
67081 

67600 
68121 
68644 
69169 
69696 

70225 
70756 
71289 
71824 
72361 

72900 
73441 
73984 
74529 
75076 

75625 
76176 
76729 
77284 
77841 

78400 
78961 
79524 
80089 
80656 

81225 
81796 
82369 
82944 
83521 

84100 
84681 
85264 
85849 
86436 

87025 
87616 
88209 
88804 
89401 



Cfube. 



15625000 
15813251 
16003008 
16194277 
16387064 

16581375 
16777216 
16974593 
17173512 
17373979 

17576000 
17779581 
17984728 
18191447 
18399744 

18609625 
18821096 
19034163 
19248832 
19465109 

19683000 
19902511 
20123648 
20346417 
20570824 

20796875 
21024576 
21253933 
21484952 
21717639 

21952000 
22188041 
22425768 
22665187 
22906304 

23149125 
23393656 
23639903 
23887872 
24137569 



Square 
Moot. 



15.8114 
15.8430 
15.8745 
15.9060 
15.9374 

15.9687 
16.0000 
16.0312 
16.0624 
16.0935 

16.1245 
16.1555 
16.1864 
16.2173 
16.2481 

16.2788 
16.3095 
16.3401 
16.3707 
16.4012 

16.4317 
16.4621 
16.4924 
16.5227 
16.5529 

16.5831 
16.6132 
16.6433 
16.6733 
16.7033 

16.7332 
16.7631 
16.7929 
16.8226 
16.8523 

16.8819 
16.9115 
16.9411 
16.9706 
17.0000 



Cube 
Boot. 



24389000 17.0294 
24642171 17.0587 
24897088 17.0880 



25153757 
25412184 

25672375 
25934336 
26198073 
26463592 
26730899 



17.1172 
17.1464 

17.1756 
17.2047 
17.2337 
17.2627 
17.2916 



6.2996 
6.3080 
6.3164 
6.3247 
6.3330 

6.3413 
6.3496 
6.3579 
6.3661 
6.3743 

6.3825 
6.3907 
6.3988 
6.4070 
6.4151 

6.4232 
6.4312 
6.4393 
6.4473 
6.4553 

6.4633 
6.4713 
6.4792 
6.4872 
6.4951 

6 
6 
6 
6 
6 

6.5421 
6.5499 
6.5577 
6.5654 
6.5731 



Log. 



.5030 
.5108 
,5187 
,5265 
,5343 



5808 
5885 
5962 
6039 
6115 



6.6191 
6.6267 
6.6343 
6.6419 
6.6494 

6.6569 
6.6644 
6.6719 
6.6794 
6.6869 



2.39794 
2.39967 
2.40140 
2.40312 
2.40483 

2.40654 
2.40824 
2.40993 
2.41162 
2.41330 

2.41497 
2.41664 
2.41830 
2.41996 
2.42160 

2.42325 
2.42488 
2.42651 
2.42813 
2.42975 

2.43136 
2.43297 
2.43457 
2.43616 
2.43775 



1000 X 
Recip. 



4.00000 
3.98406 
3.96825 
3.95257 
3.93701 

3.92157 
3.90625 
3.89106 
3.87597 
3.86100 

3.84615 
3.83142 
3.81679 
3.80228 
3.78788 

3.77358 
3.75940 
3.74532 
3.73134 
3.71747 



,70370 
,69004 
,67647 
,66300 
.64964 



2.43933 3.63636 
2.44091 ' 3.62319 
2.44248 I 3.61011 
2.44404 3.59712 



2.44560 

2.44716 
2.44871 
2.45025 
2.45179 
2.45332 

2.45484 
2.45637 
2.45788 
2.45939 
2.46090 

2.46240 
2.46389 
2.46538 
2.46687 
2.46835 

2.46982 
2.47129 
2.47276 
2.47422 
2.47567 



3.58423 

3.57143 
3.55872 
3.54610 
3.53357 
3.52113 



,50877 
,49650 
,48432 
,47222 
.46021 



3.44828 
3.43643 
3.42466 
3.41297 
3.40136 

3.38983 
3.37838 
3.36700 
3.35570 
3.34448 



313 



OIROUIUFEBBNCES CIBOITLAR AREAS, SQUABES, CUBES. 

SQUARE BOOTS, CUBE BOOTS, I^OGABITHMS, AND 

BE0IPBOCAIJ9 OF NOS. FBOM 1 TO 1000. 



No, 



300 
301 
302 
303 
304 

305 
306 
307 
308 
309 

310 
311 
312 
313 
314 

315 
316 
317 
318 
319 

320 
321 
322 
323 
324 

325 
326 
327 
328 
329 

330 
331 
332 
333 

334 

335 
336 
337 
338 
339 

340 
341 
342 
343 
344 

345 
346 
347 
348 
349 



No. = Diam. 



Oir^^m. 



942.48 
945.62 
948.76 
951.90 
955.04 



Area. 



70685.8 
71167.9 
71631.5 
72106.6 
72583.4 



958.19 


73061.7 


961.33 


73541.5 


964.47 


74023.0 


967.61 


74506.0 


970.75 


74990.6 


973.89 


75476.8 


977.04 


75964.5 


980.18 


76453.8 


983.32 


76944.7 


986.46 


77437.1 


989.60 


77931.1 


992.74 


78426.7 


995.88 


78923.9 


999.03 


79422.6 


1002.2 


79922.9 


1005.3 


80424.8 


1008.5 


80928.2 


1011.6 


81433.2 


1014.7 


81939.8 


1017.9 


82448.0 


1021.0 


82957.7 


1024.2 


83469.0 


1027.3 


83981.8 


1030.4 


84496.3 


1033.6 


85012.3 


1036.7 


85529.9 


1039.9 


86049.0 


1043.0 


86569.7 


1046.2 


87092.0 


1049.3 


87615.9 


1052.4 


88141.3 


1055.6 


88668.3 


1058.7 


89196.9 


1061.9 


89727.0 


1065.0 


90258.7 


1068.1 


90792.0 


1071.3 


91326.9 


1074.4 


91863.3 


1077.6 


92401.3 


1080.7 


92940.9 


1083.8 


93482.0 


1087.0 


94024.7 


1090.1 


94569.0 


1093.3 


95114.9 


1096.4 


95662.3 



Square. 



90000 
90601 
91204 
91809 
92416 

93025 
93636 
94249 
94864 
95481 

96100 
96721 
97344 
97969 
96596 

99225 

99856 

100489 

101124 

101761 

102400 
103041 
103684 
104329 
104976 

105625 
106276 
106929 
107584 
108241 

108900 
109561 
110224 
110889 
111556 

112225 
112896 
113569 
114244 
114921 

115600 
116281 
116964 
117649 
118336 

119025 
119716 
120409 
121104 
121801 



Cube, 



27000000 
27270901 
27543608 
27818127 
28094464 

28372625 
28662616 
28934443 
29218112 
29503629 

29791000 
30060231 
30371328 
30664297 
30969144 

31266875 
31564496 
31856013 
32157432 
32461759 

32768000 
33076161 
33386248 
33698267 
34012224 

34328125 
34645976 
34965783 
35287552 
35611289 

35937000 
36264691 
36594368 
36926037 
37259704 

37595375 
37933056 
38272753 
38614472 
38958219 

39304000 
39651821 
40001688 
40353607 
40707584 

41063625 
41421736 
41781923 
42144192 
42506549 



Square 
kooL 



17.3205 
17.3494 
17.3781 
17.4069 
17.4356 

17.4642 
17.4829 
17.5214 
17.5499 
17.5784 

17.6068 
17.6352 
17.6635 
17.6918 
17.7200 

17.7482 
17.7764 
17.8045 
17.8326 
17.8606 

17.8885 
17.9166 
17.9444 
17.9722 
18.0000 

18.0278 
18.0655 
18.0831 
18.1108 
18.1384 

18.1659 
18.1934 
18.2209 
18.2483 
18.2767 

18.3030 
18.3303 
18.3576 
18.3848 
18.4120 

18.4391 

18.4662 
18.4932 
18.5203 
18.5472 

18.5742 
18.6011 
18.6279 
18.6548 
18.6815 



Cube 
Boot, 



6.6943 
6.7018 
6.7092 
6.7166 
6.7240 

6.7313 
6.7387 
6.7460 
6.7533 
6.7606 

6.7679 
6.7752 
6.7824 
6.7897 
6.7969 

6.8041 
6.8113 
6.8186 
6.8256 
6.8328 

6.8399 
6.8470 
6.8641 
6.8612 
6.8683 

6.8753 
6.8824 
6.8894 
6.8964 
6.9084 

6.9104 
6.9174 
6.9244 
6.9313 
6.9382 

6.9451 
6.9521 
6.9589 
6.9658 
6.9727 

6.9795 
6.9864 
6.9932 
7.0000 
7.0068 

7.0136 
7.0203 
7.0271 
7.0338 
7.0406 



Log, 



2.47712 
2.47867 
2.48001 
2.48144 
2.48287 

2.48430 
2.48672 
2.48714 
2.48856 
2.48996 

2.49136 
2.49276 
2.49415 
2.49654 
2.49693 

2.49831 
2.49969 
2.50106 
2.50243 
2.50379 

2.60615 
2.60661 
2.50786 
2.50920 
2.51056 

2.61188 
2.51322 
2.51455 
2.51587 
2.51720 

2.61851 
2.51983 
2.52114 
2.52244 
2.52375 

2.52504 
2.52634 
2.52763 
2.52892 
2.53020 

2.53148 
2.63275 
2.53403 
2.53529 
2.53656 

2.53782 
2.53908 
2.54033 
2.54158 
2.64283 



1000 X 
Bedp. 



3.33333 

3.32226 
3.31126 
3.30033 
3.28947 

3.27869 
3.26797 
3.25733 
3.24675 
3.23625 

3.22581 
3.21543 
3.20613 
3.19489 
3.18471 

3.17460 
3.16456 
3.15457 
3.14465 
3.13480 

3.12500 
3.11527 
3.10669 
3.09596 
3.08642 

3.07692 
3.06749 
3.06810 
3.04878 
3.03961 

3.03080 
3.02115 
3.01206 
3.00300 
2.99401 

2.98507 
2.97619 
2.96736 
2.95858 
2.94986 

2.94118 
2.93255 
2.92398 
2.91545 
2.90698 

2.89855 
2.89017 
2.88184 
2.87356 
2.86533 



31-1 



CIBCUMFEKENCES, OIRC17114B AREAS, SQUARES, CUBES, 

SQUARE ROOTS, CUBE ROOTS, I.OOARITHMS, AND 

RECIPRO0AI.S OF NOS. FROM 1 TO 1000. 



No, 



350 
351 
352 
353 
354 

355 
?56 
357 
358 
359 

360 
361 
362 
363 
364 

365 
366 
367 
368 
369 

370 
371 
372 
373 
374 

375 
376 
377 
378 
379 

380 
381 
382 
383 
384 

385 
386 
387 
388 
389 

390 
391 
392 
393 
394 

395 
396 
397 
398 
399 



No. = Diam. 



drcum. 



1099.6 
1102.7 
1105.8 
1109.0 
1112.1 

1115.3 
1118.4 
1121.5 
1124.7 
1127.8 

1131.0 
1134.1 
1137.3 
1140.4 
1143.5 

1146.7 
1149.8 
1153.0 
1156.1 
1159.2 

1162.4 
1165.5 
1168.7 
1171.8 
1175.0 

1178.1 
1181.2 
1184.4 
1187.5 
1190.7 

1193.8 
1196.9 
1200.1 
1203.2 
1206.4 

1209.5 
1212.7 
1215.8 
1218.9 
1222.1 

1225.2 
1228.4 
1231.5 
1234.6 
1237.8 

1240.9 
1244.1 
1247.2 
1250.4 
1253.5 



Areci, 



96211.3 
96761.8 
97314.0 
97867.7 
98423.0 

98979.8 

99538.2 

100098 

100660 

101223 

101788 
102354 
102922 
103491 
104062 

104635 
106209 
106785 
106362 
106941 

107521 
108108 
106687 
109272 
109858 

110447 
111036 
111628 
112221 
112815 

113411 
114009 
114608 
115209 
115812 

116416 
117021 
117628 
118237 
118847 

119459 
120072 
120687 
121304 
121922 

122542 
123163 
123786 
124410 
125036 



Square. 



122500 
123201 
123904 
124609 
125316 

126025 
126736 
127449 
128164 
128881 

129600 
130321 
131044 
131769 
132496 

133225 
133956 
134689 
135424 
136161 

136900 
137641 
138384 
139129 
139876 

140625 
141376 
142129 
142884 
143641 

144400 
145161 
145924 
146689 
147456 

148225 
148996 
149769 
150544 
151321 

152100 
152881 
153664 
154449 
155236 

156025 
156816 
157609 
158404 
159201 



Chibe. 



42875000 
43243551 
43614208 
43986977 
44361864 

44738875 
45118016 
45499293 
45882712 
46268279 

46656000 
47045881 
47437928 
47832147 
4oZZ8544 

48627125 
49027896 
49430863 
49836032 
50243409 

50653000 
51064811 
51478848 
51895117 
52313624 

52734375 
53157376 
53582633 
54010152 
54439939 

54872000 
55306341 
55742968 
56181887 
56623104 

57066625 
57512456 
57960603 
58411072 
58863869 

59319000 
59776471 
60236288 
60698457 
61162984 

61629875 
62099136 
62570773 
63044792 
63521199 



Square 

Moot. 



18.7083 
18.7350 
18.7617 
18.7883 
18.8149 

18.8414 
18.8680 
18.8944 
18.9209 
18.9473 

18.9737 
19.0000 
19.0263 
19.0526 
19.0788 

19.1050 
19.1311 
19.1572 
19.1833 
19.2094 

19.2354 
19.2614 
19.2873 
19.3132 
19.3391 

19.3649 
19.3907 
19.4165 
19.4422 
19.4679 

19.4936 
19.5192 
19.5448 
19.5704 
19.5959 

19.6214 
19.6469 
19.6723 
19.6977 
19.7231 

19.7484 
19.7737 
19.7990 
19.8242 
19.8494 

19.8746 
19.8997 
19.9249 
19.9499 
19.9750 



Cube 
Boot. 



7.0473 
7.0540 
7.0607 
7.0674 
7.0740 

7.0807 
7.0873 
7.0940 
7.1006 
7.1072 

7.1138 
7.1204 
7.1269 
7.1335 
7.1400 

7.1466 
7.1531 
7.1596 
7.1661 
7.1726 

7.1791 
7.1855 
7.1920 
7.1984 
7.2048 

7.2112 
7.2177 
7.2240 
7.2304 
7.2368 

7.2432 
7.2495 
7.2558 
7.2622 
7.2685 

7.2748 
7.2811 
7.2874 
7.2936 
7.2999 

7.3061 
7.3124 
7.3186 
7.3248 
7.3310 

7.3372 
7.3434 
7.3496 
7.3568 
7.3619 



Log. 



2.54407 
2.54531 
2.54654 
2.54777 
2.54900 

2.55023 
2.55145 
2.55267 
2.55388 
2.55509 

2.55630 
2.55751 
2.55871 
2.55991 
2.56110 

2.56229 
2.56348 
2.56467 
2.56585 
2.56703 

2.56820 
2.56937 
2.57054 
2.57171 
2.57287 

2*57403 
2.57519 
2.57634 
2.57749 
2.57864 

2.57978 
2.58093 
2.58206 
2.58320 
2.58433 

2.58546 
2.58659 
2.58771 
2.58883 
2.58995 

2.59106 
2.59218 
2.59329 
2.59439 
2.59550 

2.59660 
2.59770 
2.59879 
2.59968 
2.60097 



1000 X 
Becip, 



2. 

2. 
2. 
2. 

12. 

2. 
2. 
2. 
2. 
2. 



2.85714 
2.84900 
2.84091 
2.83286 
2.82486 



81690 
80899 
80112 
79330 
78652 

77778 
77008 
76243 
75482 
74725 

2.73973 
2.73224 
2.72480 
2.71739 
2.71003 

2.70270 
2.69542 
2.68817 
2.68097 
2.67380 

2.66667 
2.65957 
2.65252 
2.64550 
2.63852 

2.63158 
2162467 
2:61780 
2.61097 
2.60417 

2.59740 
2.59067 
2.58398 
2.57732 
2.57069 

2.56410 
2.55755 
C. 55102 
2.54463 
2.53807 

2.53165 
2.52525 
2.51889 
2.51256 
2.50627 
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CIBCVBIFISBEXCKS, OIRCITLAR AREAS, SQUABBS, CUBES, 

SQUARE ROOTS, CUBE ROOTS, I«OOABITHMS, AKD 

RECIPROCALS OF NOS. FROM 1 TO 1000. 



No. 



400 
401 
402 
403 
404 

405 
406 
407 
406 
409 

410 
411 
412 
413 
414 

415 
416 
417 
418 
419 

420 
421 
422 
423 
424 

425 

426 
427 
428 
429 

430 
431 
432 
433 
434 

435 
436 
437 
438 
439 

440 
441 
442 
443 
444 

445 
446 
447 
448 
449 



Ko. = Diam, 



Circum. 



1256.6 
1259.R 
1262.9 
1266.1 
1269.2 

1272.3 
1275.5 
1278.6 
1281.8 
1284.9 

1288.1 
1291.2 
1294.3 
1297.5 
1300.6 

1303.8 
1306.9 
1310.0 
1313.2 
1316.3 

1319.5 
1322.6 
1325.8 
1328.9 
1332.0 

1335.2 
1338.3 
1341.5 
1344.6 
1347.7 



1350. 
1354. 
1357. 
1360. 
1363. 



1366.6 
1369.7 
1372.9 
1376.0 
1379.2 

1382.3 
1385.4 
1388.6 
1391.7 
1394.9 

1398.0 
1401.2 
1404.3 
1407.4 
1410.6 



Arect. 



125664 
126293 
126923 
127556 
128190 

128825 
129462 
130100 
130741 
131382 

132025 
132670 
133317 
133965 
134614 

135265 
135918 
136572 
137228 
137885 

138544 
139205 
139867 
140531 
141196 

141863 
142531 
143201 
143872 
144545 

145220 
145896 
146574 
147254 
147934 

148617 
149301 
149987 
150674 
151363 

152053 
152745 
153439 
154134 
154830 

155528 
156228 
156930 
157633 
158337 



Square. 



160000 
160601 
161604 
162409 
163216 

164025 
164836 
165649 
166464 
167281 

168100 
168921 
169744 
170569 
171396 

172225 
173056 
173889 
174724 
175561 

176*00 
177241 
178084 
178929 
179776 

180625 
181476 
182329 
183184 
184041 

184900 
185761 
186624 
187489 
188356 

189225 
190096 
190969 
191844 
192721 

193600 
194481 
195364 
196249 
197136 

198025 
198916 
199809 
200704 
201601 



Cube, 



64000000 
64481201 
64964806 
65450827 
65939264 

66430125 
66923416 
67419143 
67917312 
68417929 

68921000 
69426531 
69934528 
70444997 
70957944 

71473375 
71991296 
72511713 
73034632 
73560069 

74088000 
74618461 
75151448 
75686967 
76225024 

76765625 
77308776 
77854483 
78402752 
78953589 

79507000 
80062991 
80621568 
81182737 
81746504 

82312875 
82881856 
83453453 
84027672 
84604519 

85184000 
85766121 
86350888 
86938307 
87528384 

88121125 
88716536 
89314623 
89915392 
90518849 



Square 
kooi. 



20.0000 
20.0250 
20.0499 
20.0749 
20.0998 

20.1246 
20.1494 
20.1742 
20.1990 
20.2237 

20.2486 
20.2731 
20.2978 
20.3224 
20.3470 

20.3715 
20.3961 
20.4206 
20.4450 
20.4695 

20.4939 
20.5183 
20.5426 
20.5670 
20.5913 

20.6155 
20.6398 
20.6640 
20.6882 
20.7123 

20.7364 
20.7605 
20.7846 
20.8087 
20.8327 

20.8567 
20.8806 
20.9045 
20.9284 
20.9523 

20.9762 
21.0000 
21.0238 
21.0476 
21.0713 

21.0950 
21.1187 
21.1424 
21.1660 
21.1896 



Chtbt 
Boot. 



7.3681 
7.3742 
7.3803 
7.38W 
7.3925 

7.3986 
7.4047 
7.4108 
7.4169 
7.4229 

7.4290 
7.4350 
7.4410 
7.4470 
7.4530 

7.4590 
7.4650 
7.4710 
7.4770 
7.4829 

7.4889 
7.4948 
7.5007 
7.5067 
7.5126 

7.5185 
7.5244 
7.5302 
7.5361 
7.5420 



5478 
5537 
5595 
5654 
5712 



7.5770 
7.5828 
7.5886 
7.5944 
7.6001 

7.6059 
7.6117 
7.6174 
7.6232 
7.6289 

7.6346 
7.6403 
7.6460 
7.6517 
7.6574 



Log, 



2.60206 
2.60314 
2.60423 
2.60631 
2.60638 

2.60746 
2.60663 
2.60959 
2.61066 
2.61172 

2.61278 
2.61384 
2.61490 
2.61595 
2.61700 

2.61806 
2.61909 
2.62014 
2.62118 
2.62221 

2.62325 
2.62428 
2.62531 
2.62634 
2.62737 

2.62839 
2.62941 
2.63043 
2.63144 
2.63246 

2.63347 
2.63448 
2.63548 
2.63649 
2.63749 

2.63849 
2.63949 
2.64048 
2.64147 
2.64246 

2.64345 
2.64444 
2.64542 
2.64640 
2.64738 

2.64836 
2.6*933 
2.65031 
2.65128 

2.65225 



1000 X 
Becip. 



2.50000 
2.49377 
2.48756 
2.48139 
2.47525 

2.46914 
2.46305 
2.45700 
2.45098 
2.44499 

2.43902 
2.43309 
2.42718 
2.42131 
2.41546 

2.40964 
2.40385 
2.39806 
2.39234 
2.38664 

2.38096 
2.37530 
2.36967 
2.36407 
2.35849 

2.35294 
2.34742 
2.34192 
2.33645 
2.33100 

2.32568 
2.32019 
2.31482 
2.30947 
2.30415 

2.29885 
2.29358 
2.28833 
2.28311 
2.27790 

2.27273 
2.26757 
2.26244 
2.25734 
2.25225 

2.24719 
2.24215 
2.23714 
2.23214 
2.22717 
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CIRCUMFERENCES, CIRCULAR AREAS, SQUARES, CUBES, 

SQUARE ROOTS, CUBE ROOTS, liOGARITHMS, AND 

RECIPROCALS OF NOS. FROM 1 TO 1000. 



No. 



450 
451 
462 
453 
454 

455 
456 
467 
458 
459 

460 
461 
462 
463 
464 

465 
466 
467 
468 
469 

470 
471 
472 
473 
474 

475 
476 
477 
478 
479 

480 
481 
482 
483 
484 

485 
486 
487 
488 
489 

490 
491 
492 
493 
494 

495 
496 
497 
498 
499 



Nok = Diam. 



drcum. 



1413.7 
1416.9 
1420.0 
1423.1 
1426.3 

1429.4 
1432.6 
1435.7 
1438.9 
1442.0 

1445.1 
1448.3 
1451.4 
1454.6 
1457.7 

1460.8 
1464.0 
1467.1 
1470.3 
1473.4 

1476.5 
1479.7 
1482.8 
1486.0 
1489.1 

1492.3 
1495.4 
1498.5 
1501.7 
1504.8 

1508.0 
1511.1 
1514.3 
1517.4 
1520.5 

1523.7 
1526.8 
1530.0 
1533.1 
1536.2 

1539.4 
1542.5 
1545.7 
1548.8 
1551.9 

1555.1 
1558.2 
1561.4 
1564.5 
1667.7 



Area. 



159043 
159751 
160460 
161171 
161883 

162597 
163313 
164030 
164748 
165468 

166190 
166914 
167639 
168365 
169093 

169823 
170554 
171287 
172021 
172757 

173494 
174234 
174974 
175716 
176460 

177205 
177952 
178701 
179451 
180203 

180956 
181711 
182467 
183225 
183984 

184745 
185508 
186272 
187038 
187805 

188574 
189345 
190117 
190690 
191665 

192442 
193221 
194000 
194782 
195565 



Square. 



202500 
203401 
204304 
206209 
206116 

207025 
207936 
208849 
209764 
210681 

211600 
212521 
213444 
214369 
215296 

216225 
217156 
218089 
219024 
219961 

220900 
221841 
222784 
223729 
224676 

225625 
226576 
227629 
228484 
229441 

230400 
231361 
232324 
233289 
234256 

235226 
236196 
237169 
238144 
239121 

240100 
241081 
242064 
243049 
244036 

245025 
246016 
247009 
248004 
249001 



Cube. 



91125000 
91733851 
92345408 
92959677 
93576664 

94196376 
94818816 
95443993 
96071912 
96702579 

97336000 
97972181 
98611128 
99252847 
99897344 

100544625 
101194696 
101847563 
102503232 
103161709 

103823000 
104487111 
105154048 
105823817 
106496424 

107171875 
107850176 
108531333 
109215352 
109902239 

110592000 
111284641 
111980168 
112678587 
113379904 

114084125 
114791266 
116501303 
116214272 
116930169 

117649000 
118370771 
119095488 
119823157 
120553784 

121287375 
122023936 
122763473 
123506992 
124261499 



Square 
hoot. 



21.2132 
21.2368 
21.2603 
21.2838 
21.3073 

21.3307 
21.3642 
21.3776 
21.4009 
21.4243 

21.4476 
21.4709 
21.4942 
21.5174 
21.5407 

21.5639 
21.5870 
21.6102 
21.6333 
21.6564 

21.6795 
21.7025 
21.7256 
21.7486 
21.7715 

21*7945 
21.8174 
21.8403 
21.8632 
21.8861 

21.9089 
21.9317 
21.9546 
21.9773 
22.0000 

22.0227 
22.0454 
22.0681 
22.0907 
22.1133 

22.1359 
22.1585 
22.1811 
22.2036 
22.2261 

22.2486 
22.2711 
22.2936 
22.3159 
22.3383 



Cube 
RooU 



7.6631 
7.6688 
7.6744 
7.6801 
7.6857 

7.6914 
7.6970 
7.7026 
7.7082 
7.7138 

7.7194 
7.7250 
7.7306 
7.7362 
7.7418 

7.7473 
7.7629 
7.7684 
7.7639 
7.7695 

7.7750 
7.7805 
7.7860 
7.7915 
7.7970 

7.8026 
7.8079 
7.8134 
7.8188 
7.8243 

7.8297 
7.8352 
7.8406 
7.8460 
7.8514 

7.8568 
7.8622 
7.8676 
7.8730 
7.8784 

7.8837 
7.8891 
7.8944 
7.8998 
7.9051 

7.9105 
7.9158 
7.9211 
7.9264 
7.9317 



Log. 



2.65321 
2.65418 
2-66514 
2.65610 
2.65706 

2.65801 
2.65896 
2.65992 
2.66087 
2.66181 

2.66276 
2.66370 
2.66464 
2.66558 
2.66662 

2.66745 
2.66839 
2.66932 
2.67026 
2.67117 

2.67210 
2.67302 
2.67394 
2.67486 
2.67578 

2.67669 
2.67761 
2.67852 
2.67943 
2.68034 

2.68124 
2.68216 
2.68306 
2.68396 
2.68485 

2.68574 
2.68664 
2.68753 
2.68842 
2.68931 

2.69020 
2.69108 
2.69197 
2.69286 
2.69373 

2.69461 
2.69548 
2.69636 
2.69723 
2.69810 



1000 X 
Recip, 



2.22222 
2.21730 
2.21239 
2.20751 
2.20264 

2.19780 
2.19298 
2.18818 
2.18341 
2.17866 

2.17391 
2.16920 
2.16450 
2.15963 
2.15517 

2.15054 
2.14592 
2.14133 
2.13675 
2.13220 

2.12766 
2.12314 
2.11864 
2.11417 
2.10971 

2.10526 
2.10084 
2.09644 
2.09206 
2.08768 

2.08333 
2.07900 
2.07469 
2.07039 
2.06612 

2.06186 
2.05761 
2.05339 
2.04918 
2.04499 

2.04062 
2.03666 
2.03252 
2.02840 
^.02429 

2.02020 
2.01613 
2.01207 
2.00803 
2.00401 
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CIRCUBIFKRENCES CIRCCnLAB ABEAS, SQUAKES, CUBES, 

SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND 

RE0IPROCAIJ9 OF NOS. FROM 1 TO 1000. 



500 
501 
502 
503 
504 

506 
506 
507 
506 
509 

510 
511 
512 
513 
514 

515 
516 
517 
518 
519 

520 
521 
522 
523 
524 

525 
526 
527 
528 
529 

530 
531 
532 
533 
534 

535 
536 
537 
538 
539 

540 
541 
542 
543 
544 

545 
546 
547 
548 
549 



No.-. 


Diam. 


Oircum, 


Area. 

196350 


1570.8 


1573.9 


197136 


1577.1 


197923 


1680.2 


198713 


1583.4 


199504 


1586.5 


200296 


1589.7 


201090 


1592.8 


201886 


1596.9 


202683 


1599.1 


203482 


1602.2 


204282 


1605.4 


206064 


1606.5 


206887 


1611.6 


206d92 


1614.8 


207499 


1617.9 


208307 


1621.1 


209117 


1624.2 


209928 


1627.3 


210741 


1630.5 


211566 


1633.6 


212372 


1636.8 


213189 


1639.9 


214008 


1643.1 


214829 


1646.2 


215661 


1649.3 


216475 


1662.5 


217301 


1655.6 


218128 


1658.8 


218966 


1661.9 


219787 


1665.0 


220618 


1668.2 


221462 


1671.3 


222287 


1674.5 


223123 


1677.6 


223961 


1680.8 


224801 


1683.9 


226642 


1687.0 


226484 


1690.2 


227329 


1693.3 


228175 


1696.5 


229022 


1699.6 


229871 


1702.7 


230722 


1706.9 


231574 


1709.0 


232428 


1712.2 


233283 


1715.3 


234140 


1718.5 


234998 


1721.6 


235868 


1724.7 


236720 



250000 

251001' 

252004 

?53009 

254016 

256026 
256036 
257049 
258064 

259081 

260100 
261121 
262144 
263169 
264196 



266256 
267289 
268324 
269361 

270400 
271441 
272484 
273629 
274676 

275625 
276676 
277729 
278784 
279841 

280900 
281961 
283024 
284089 
285156 

286225 
287296 
288369 
289444 
290521 

291600 
292681 
293764 
294849 
295936 

297025 
298116 
299209 
300304 
301401 



Cube* 



126000000 

125751501 
126606008 

128024064 

128787625 
129664216 

131096612 
131872229 

132661000 
133432831 
134217728 
136006697 
135796744 

136690676 
137388096 
138188413 
138991832 
139798359 

140608000 
141420761 
142236648 
143056667 
143877824 

144703126 
145631576 
146363183 
147197962 
148036889 

148877000 
149721291 
150668768 
151419437 
152273304 

153130375 
153990666 
154854153 
156720872 
156590819 

157464000 
158340421 
159220068 
160103007 
160989184 

161878625 
162771336 
163667323 
164566692 
166469149 



Souare 
Moot. 



22.3607 
22.3830 
22.4064 
22.4277 
22.4499 

22.4722 
22.4944 
22.6167 
22.5389 
22.5610 

22.5832 
22.6063 
22.6274 
22.6496 
22.6716 

22.6936 
22.7166 
22.7376 
22.7596 
22.7816 

22.8035 
22.8254 
22.8473 
22.8692 
22.8910 

22.9129 
22.9347 
22.9666 
22.9783 
23.0000 

23.0217 
23.0434 
23.0651 
23.0868 
23.1064 

23.1301 
23.1617 
23.1733 
23.1948 
23.2164 

23.2379 
23.2594 
23.2809 
23.3024 
23.3238 

23.3462 
23.3666 
23.3880 
23.4094 
23.4307 




Cube 
Boot. 



7.937a 2.69897 
7 . 9423 2 . d9984 
7.9476 2.70070 
7.9628 I 2.70157 
7.9681 2.70243 



7.9634 
7.9686 
7.9739 
7.9791 
7.9843 

7.9696 

8.0000 
8.0052 
8.0104 

8.0156 
8.0206 
8.0260 
8.0311 
8.0363 

8.0415 
8.0466 
8.0617 
8.0669 
8.0620 

8.0671 
8.0723 
8.0774 
8.0825 
8.0876 

8.0927 
8.0978 
8.1028 
8.1079 
8.1130 

8.1180 
8.1231 
8.1281 
8.1332 
8.1382 

8.1433 
8.1483 
8.1533 
8.1583 
8.1633 

8.1683 
8.1733 
8.1783 
8.1833 
8.1882 



2.70829 
2.70415 
2.70601 
2.70686 
2.70672 

2.70757 
2.70642 
2.70927 
2.71012 
2.71096 

2.71181 
2.71266 
2.71349 
2.71433 
2.71617 

2.71600 
2.71684 
2.71767 
2.71860 
2.71933 

2.72016 
2.72099 
2.72181 
2.722S3 
2.72346 

2.72428 
2.72609 
2.72591 
2.72673 
2.72764 

2.72836 
2.72916 
2.72997 
2.73078 
2.73159 

2.73239 
2.73320 
2.73400 
2.73480 
2.73560 

2.73640 
2.73719 
2.73799 
2.73878 
2.73957 



00000 

99601 
99203 
96807 
96413 

96020 
97629 
97239 
96860 

96078 

Qgfling 
oOOoO 

96312 
94932 
94563 

94175 
93798 
93424 
93060 
92678 

92306 
91939 
91571 
91206 
90840 

90476 
90114 
89753 
89394 
89036 

88679 
88324 
87970 
87617 
87266 

86916 
86667 
86220 
86874 
85529 

85186 
84843 
84502 
84162 
83824 

83486 
83150 
82615 
82482 
82149 
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CIRCUMFERENCES, CIRCUTiAR AREAS, SQUARES, CUBESi 

SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND 

RECIPROCALS OF NOS. FROM 1 TO 1000. 



M. 



550 
551 
562 
563 
554 

555 
556 
557 
558 
559 

560 
561 
562 
563 
564 

565 
566 
567 
568 
569 

570 
571 
572 
573 
574 

575 
576 
577 
578 
579 

580 
581 
582 
583 
584 

585 
586 
587 
588 
589 

590 
591 
592 
593 
594 

596 

ROC 

597 
598 
599 



iVJ). = Diam. 



Circum. 



1727.9 
1731.0 
1734.2 
1737.3 
1740.4 

1743.6 
1746.7 
1749.9 
1753.0 
1756.2 

1759.3 
1762.4 
1765.6 
1768.7 
1771.9 

1775.0 
1778.1 
1781.3 
1784.4 
1787.6 

1790.7 
1793.9 
1797.0 
1800.1 
1803.3 

1806.4 
1809.6 
1812.7 
1815.8 
1819.0 

1822.1 
1825.3 
1828.4 
1831.6 
1834.7 

1837.8 
1841.0 
1844.1 
1847.3 
1850.4 

1853.5 
1856.7 
1869.8 
1863.0 
1866.1 

1869.3 
1872.4 
1875.5 
1878.7 
1881.8 



Area, 



237583 
238448 
239314 
240182 
241051 

241922 
242795 
243669 
244545 
245422 

246301 
247181 
248063 
248947 
249832 

250719 
251607 
252497 
253388 
254281 

255176 
256072 
256970 
257869 
258770 

259672 
260576 
261482 
262389 
263298 

264208 
265120 
266033 
266948 
267866 

268783 
269701 
270624 
271547 
272471 

273397 
274325 
275254 
276184 
277117 

278061 
278986 
279923 
280662 
281802 



Square. 



302500 
303601 
304704 
305809 
306916 

308025 
309136 
310249 
311364 
312481 

313600 
314721 
315844 
316969 
318096 

319225 
320356 
321489 
322624 
323761 

324900 
326041 
327184 
328329 
329476 

330625 
331776 
332929 
334084 
335241 

336400 
337561 
338724 
339889 
341056 

342225 
343396 
344569 
345744 
346921 

348100 
349281 
350464 
351649 
352836 

354025 
356216 
356409 
357604 
358801 



Cube. 


Square 
Moot. 


Cube 
Boot. 


Log. 


166375000 


23.4521 


8.1932 


2.74036 


167284151 


23.4734 


8.1962 


2.74115 


168196608 


23.4947 


8.2031 


2.74194 


169112377 


23.5160 


8.2061 


2.74273 


170031464 


23.53'/2 


8.2130 


2.74351 


170953875 


23.5584 


8.2180 


2.74429 


171879616 


23.5797 


8.2229 


2.74507 


172808693 


23.6008 


8.2278 


2.74586 


173741112 


23.6220 


8.2327 


2.74663 


174676879 


23.6432 


8.2377 


2.74741 


175616000 


23.6643 


8.2426 


2.74819 


17«h5R481 


23.6854 


8.2475 


2.74896 


177604328 


23.7065 


8.2524 


2.74974 


178453547 


23.'/2'/6 


8.2573 


2.75051 


179406144 


23.7487 


8.2621 


2.75128 


180362125 


23.7697 


8.2670 


2.75205 


181321496 


23.7908 


8.2719 


2.75282 


182284263 


23.8118 


8.2768 


2.75358 


183250432 


23.8328 


8.2816 


2.75435 


184220009 


23.8537 


8.2865 


2.75511 


185193000 


23.8747 


8.2913 


2.75587 


186169411 


23.8956 


8.2962 


2.75664 


187149248 


23.9165 


8.3010 


2.75740 


188132517 


23.9374 


8.3059 


2.75815 


189119224 


23.9583 


8.3107 


2.75891 


190109375 


•23.9792 


8.3155 


2.75967 


191102976 


24.0000 


8.3203 


2.76042 


192100033 


24.0208 


8.3251 


2.76118 


193100552 


24.0416 


8.3300 


2.76193 


194104539 


24.0624 


8.3348 


2.76268 


195112000 


24.0832 


8.3396 


2.76343 


196122941 


24.1039 


8.3443 


2.76418 


19713-/368 


24.1247 


8.3491 


2.76492 


198155287 


24.1454 


8.3539 


2.76567 


199176704 


24.1661 


8.3587 


2.76641 


200201625 


24.1868 


8.3634 


2.76716 


201230056 


24.2074 


8.3682 


2.76790 


202262003 


24.2281 


8.3730 


2.76864 


203297472 


24.2487 


8.3777 


2.76938 


204336469 


24.2693 


8.3825 


2.77012 


205379000 


24.2899 


8.3872 


2.77085 


206425071 


24.3105 


8.3919 


2.77159 


207474688 


24.3311 


8.3967 


2.77232 


208527857 


24.3516 


8,4014 


2.77305 


209584584 


24.3721 


8.4061 


2:rrm 


210644875 


24.3926 


8.4106 


2.77452 


211708736 


24.4131 


8.4155 


2.77525 


212776173 


24.4336 


8.4202 


2:rmf 


213847192 


24.4540 


8.4249 


2.77670 


214921799 


24.4745 


8.4296 


2.77743 



1000 X 
Bedp. 

1.81818 
1.81488 
1.81159 
1.80832 
1.80505 

1.80180 
1.79856 
1.79533 
1.79211 
1.78891 

1.78571 
1.78253 
1.77936 
1.77620 
1.77305 

1.76991 
1.76678 
1.76367 
1.76056 
1.75747 

1.75439 
1.75131 
1.74825 
1.74520 
1.74216 

1.73913 
1.73611 
1.73310 
1.73010 
1.72712 

1.72414 
1.72117 
1.71821 
1.71527 
1.71233 



.70940 
,70649 
,70358 
,70068 
.69779 



1.69492 
1.69205 
1.68919 
1.68634 
1.68350 

1.68067 
1.67785 
1.67504 
1.67224 
1.66946 
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CIRCUMFERENCES, CIRCUI.AR AREAS, SQUARES, CUBES, 

SQUARE ROOTS, CUBE ROOTS, LOGARITHBIS, AXD 

RECIPROCAL.S OF NOS. FROM 1 TO lOOO. 



No. 


No.= 


» Iham. 








Circunu 


Area. 


600 


1885.0 


282743 


601 


1888.1 


283687 


602 


1891.2 


284631 


603 


1894.4 


285578 


604 


1897.5 


286526 


605 


1900.7 


287475 


606 


1903.8 


288426 


607 


1907.0 


289379 


608 


1910.1 


290333 


609 


1913.2 


291289 


610 


1916.4 


292247 


611 


1919.5 


293206 


612 


1922.7 


294166 


613 


1925.8 


295128 


614 


1928.9 


296092 


615 


1932.1 


297057 


616 


1935.2 


298024 


617 


1938.4 


298992 


618 


1941.5 


299962 


619 


1944.7 


300934 


620 


1947.8 


301907 


621 


1950.9 


302882 


622 


1954.1 


303858 


623 


1957.2 


304836 


624 


1960.4 


305815 


625 


1963.5 


306796 


626 


1966.6 


307779 


627 


1969.8 


308763 


628 


1972.9 


309748 


HX9 


1976.1 


310736 


630 


1979.2 


311725 


631 


1982.4 


312715 


632 


1985.5 


313707 


633 


1988.6 


314700 


634 


1991.8, 


315696 


635 


1994.9 


316692 


636 


1998.1 


317690 


637 


2001.2 


318690 


638 


2004.3 


319692 


639 


2007.5 


320695 


640 


2010.6 


321699 


641 


2013.8 


322705 


6*2 


2016.9 


323713 


643 


2020.0 


324722 


644 


2023.2 


325733 


645 


2026.3 


326745 


646 


2029.5 


327759 


647 


2032.6 


328775 


648 


2035.8 


329792 


649 


2038:9 


330810 



Square. 


Cube. 


Souare 
Moot. 


Cube 
BooL 


Log. 


1000 X 
Recip. 


360000 


216000000 


24.4949 


8.4343 


2.77815 


1.66667 


361201 


217081801 


24.5153 


8.4390 


2.7788*/ 


1.6K*W 


362404 


2181br208 


24.5357 


8.443*/ 


2.77960 


1. 66113 


363609 


219256227 


24.5561 


8.4484 


2.78032 


i.ebsa-/ 


364816 


220348864 


24.5764 


8.4530 


2.78104 


1.65563 


366025 


221445125 


24.5967 


8.4577 


2.78176 


1.65289 


3B'/236 


222545016 


24.6171 


8.4623 


2.78247 


1.65017 


368449 


223648543 


24.6374 


8.4670 


2.78319 


1.64745 


369664 


224755712 


24.6577 


8.4716 


2.78390 


1.64474 


370881 


225866529 


24.67/9 


8.4763 


2.78462 


1.64204 


372100 


226981000 


24.6982 


8.4809 


2.'/8b33 


1.63934 


373321 


228099131 


24.7184 


8.4856 


2.78604 


1.63666 


374544 


229220928 


24.7386 


8.4902 


2.78675 


1.63399 


375769 


230346397 


24.7588 


8.4948 


2.78746 


1.63132 


3/6996 


231475544 


24.7790 


8.4994 


2.78817 


1.62866 


378225 


2326083*/^ 


24.'/992 


8.5040 


2.78888 


1.626U2 


379456 


233744896 


24.8193 


8.5086 


2.78958 


1.R2338 


380689 


234885113 


24.8395 


8.5132 


2.'/9029 


1.62075 


381924 


236029032 


24.8596 


8.5178 


2.79099 


1.61812 


383161 


237176659 


24.8-/97 


8.5224 


2.79169 


1.61ffil 


384400 


238328000 


24.8998 


8.5270 


2.'/y239 


1.61290 


385641 


239483061 


24.9199 


8.5316 


2.79309 


1.61031 


386884 


2406*1848 


24.9399 


8.5362 


2.79379 


iMm 


388129 


241804367 


24.9600 


8.5408 


2.79449 


1.60514 


389376 


242970624 


24.9800 


8.5453 


2.79518 


1.60256 


390625 


244140R2.5 


25.0000 


8.5499 


2.79588 


1.60000 


391876 


245314376 


25.0200 


8.5544 


2.79657 


1.59744 


393129 


246491 RR3 


25.0400 


8.5590 


2.'/y/2'7 


1.59490 


394384 


247673152 


25.0599 


8.5635 


2.79796 


1.59236 


395641 


248858189 


25.0799 


8.5681 


2.79865 


1.53983 


396900 


250047000 


25.0998 


8.5726 


2.79934 


1. 58-/30 


398161 


251239591 


25.1197 


8.5772 


2.80003 


1.58479 


399424 


252435968 


25.1396 


8.5817 


2.80072 


1.58228 


400689 


253636137 


25.1595 


8.5862 


2.80140 


l.b'/y/8 


401956 


254840104 


25.1794 


8.5907 


2.80209 


1.5'/'/29 


403225 


256047875 


25.1992 


8.5952 


2.80277 


1.57480 


404496 


257259456 


25.2190 


8.5997 


2.80346 


l.b'/233 


405769 


258474853 


25.2889 


8.6043 


2.80414 


1.56986 


407044 


259694072 


25.2b87 


8.6088 


2.80482 


1.56740 


408321 


260917119 


25.2-/84 


8.6132 


2.80550 


1.56495 


409600 


262144000 


25.2982 


8.6177 


2.80618 


1.56250 


410881 


263374721 


25.3180 


8.6222 


2.80686 


1.56006 


412164 


26*609288 


25.3377 


8.6267 


2.80754 


l.bb763 


413449 


265847707 


25.3574 


8.6312 


2.80821 


1.55521 


414736 


267089984 


25.3772 


8.6357 


2.80889 


1.55280 


416025 


268336125 


25.3969 


8.6401 


2.80956 


1.55039 


417316 


269586136 


25.4165 


8.6446 


2.81023 


1.54799 


418609 


270840023 


?5.4362 


8.6490 


2.81090 


1.54560 


419904 


272097792 


25.4558 


8.6535 


2.81158 


1.54321 


421201 


273359449 


25.4755 


8.6579 


2.81224 


1.54083 
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CIRCtTMF£R£KC£S, CIBCUIiAB AREAS, SQUARES, CUBES, 

SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, AND 

RECIPROCALS OF NOS. FROM 1 TO 1000. 



No. 



650 
651 
652 
663 
654 

655 
656 
657 
658 
659 

660 
661 
662 
663 
664 

665 

CCA 

667 
668 
669 

670 
671 
672 
673 
674 

675 
676 
677 
678 
679 

680 
681 
682 
683 
684 

685 
686 
687 
688 
689 

690 
691 
692 
693 
694 

695 
696 
697 
698 
699 



iVb. = Diam. 



Circtim. 



2042.0 
2045.2 
2048.3 
2051.5 
2054.6 



Area. 



2057, 
2060. 



2064.0 



2067 
2070 



2073.5 
2076.6 
2079.7 
2082.9 
2086.0 

2089.2 
2092.3 
2095.4 
2098.6 
2101.7 

2104.9 
2108.0 
2111.2 
2114.3 
2117.4 

2120.6 
2123.7 
2126.9 
2130.0 
2133.1 

2136.3 
2139.4 
2142.6 
2145.7 
2148.9 

2152.0 
2155.1 
2158.3 
2161.4 
2164.6 

2167.7 
2170.8 
2174.0 
2177.1 
2180.3 

2183.4 
2186.6 
2189.7 
2192.8 
2196.0 



331831 
332853 
333876 
334901 
335927 

336955 
337985 
339016 
340049 
341084 

342119 
343157 
344196 
345237 
346279 

347323 
348368 
349415 
350464 
351514 

352565 
353618 
354673 
355730 
356788 

357847 
358908 
359971 
361035 
362101 

363168 
364237 
365308 
366380 
367453 

368528 
369605 
370684 
371764 
372845 

373928 
375013 
376099 
377187 
378276 

379367 
380459 
381554 
382649 
383746 



Square. 



422500 
423801 
425104 
426409 
427716 

429025 
430336 
431649 
432964 
434281 

435600 
438921 
438244 
439569 
440896 

442225 
443556 
444889 
446224 
447561 

448900 
450241 
451584 
452929 
454276 

455625 
456976 
458329 
459684 
461041 

462400 
463761 
465124 
466489 
467856 

469225 
470596 
471969 
473344 
474721 

476100 
477481 
478864 
480249 
481636 

483025 
484416 
485809 
487204 
488601 



Cube. 



t 



274625000 
275894451 
277167808 
278445077 
279726264 

281011375 
282300416 
283593393 
284890312 
286191179 

287496000 
288804781 
290117528 
291434247 
■292754944 

294079625 
295408296 
296740963 
298077632 
299418309 

300763000 
302111711 
303464448 
304821217 
306182024 

307546875 
308915776 
310288733 
311665752 
313046839 

314432000 
315821241 
317214568 
318611987 
320013504 

321419125 
322828856 
324242703 
325660672 
327082769 

328509000 
329939371 
331373888 
332812557 
334255384 

335702375 
337153536 
338608873 
340068392 
341532099 
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Square 
Boot. 



25.4951 
25.5147 
25.5343 
25.5539 
25.5734 

25.5930 
25.6125 
25.6320 
25.6515 
25.6710 

25.6906 
25.7099 
25.7294 
25.7488 
25.7682 

25.7876 
25.8070 
25.8263 
25.8457 
25.8650 

25.8844 
25.9037 
25.9230 
25.9422 
25.9615 

25.9808 
26.0000 
26.0192 
26.0384 
26.0576 

26.0768 
26.0960 
26.1151 
26.1343 
26.1534 

26.1725 
26.1916 
26.2107 
26.2298 
26.2488 

26.2679 
26.2869 
26.3059 
26.3249 
26.3439 

26.3629 
26.3818 
26.4008 
26.4197 
26.4386 



Cube 
Boot. 



8.6624 
8.6668 
8.6713 
8.6757 
8.6801 

8.6845 
8.6890 
8.6934 
8.6978 
8.7022 

8.7066 
8.7110 
8.7154 
8.7198 
8.7241 

8.7285 
8.7329 
8.7373 
8.7416 
8.7460 

8.7503 
8.7547 
8.7590 
8.7634 
8.7677 

8.7721 
8.7764 
8.7807 
8.7850 
8.7893 

8.7937 
8.7980 
8.8023 
8.8066 
8.8109 

8.8152 
8.8194 
8.8237 
8.8280 
8.8323 

8.8366 
8.8408 
8.8451 
8.8493 
8.8536 

8.8578 
8.8621 
8.8663 
8.8706 
8.8748 



Log, 



2.81291 
2.81358 
2.81425 
2.81491 
2.81558 

2.81624 
2.81690 
2.81757 
2.81823 
2.81889 

2.81954 
2.82020 
2.82086 
2.82151 
2.82217 

2.82282 
2.82347 
2.82413 
2.82478 
2.82543 

2.82607 
2.82672 
2.82737 
2.82802 
2.82866 

2.82930 
2.82995 
2.83059 
2.83123 
2.83187 

2.83251 
2.83315 
2.83378 
2.83442 
2.83506 

2.83569 
2.83632 
2.83696 
2.83759 
2.83822 

2.83885 
2.83948 
2.84011 
2.84073 
2.84136 

2.84198 
2.84261 
2.84323 
2.84386 
2.84448 



1000 X 
Becip. 



1.53846 
1.53610 
1.53374 
1.53139 
1.52905 

1.52672 
1.52439 
1.52207 
1.51976 
1.51745 

1.51515 
1.51286 
1.51057 
1.50830 
1.50602 

1.50376 
1.50150 
1.49925 
1.49701 
1.49477 

1.49254 
1.49031 
1.48810 
1.48588 
1.48368 

1.48148 
1.47929 
1.47711 
1.47493 
1.47275 



,47059 
,46843 
,46628 
,46413 
46199 



1.45985 
1.45773 
1.45560 
1.45349 
1.45138 

1.44928 
1.44718 
1.44509 
1.44300 
1.44092 

1.43885 
1.43678 
1.43472 
1.43267 
1.43062 



CIBCVMFERENCES, CIRCUUkB ABBAS, SQUABES, 017BE8* 

SQUABB BOOTS, CUBB BOOTS, I.OOABITHMS. ANI> 

BECIPBOCALS OF NOS. FBOM 1 TO 1000. 



Nq. 



700 
701 
702 
703 
704 

705 
706 
707 
708 
709 

710 
711 
712 
713 
714 

715 
716 
717 
718 
719 

720 
721 
722 
723 
724 

725 
726 
727 
728 
729 

730 
731 
732 
733 
734 

735 
736 
737 
738 
739 

740 
741 
742 
743 
744 

745 
746 
747 
748 
749 



No. = Diam. 



Cireum. 



2199.1 
2202.3 
2206.4 
2208.5 
2211.7 

2214.8 
2218.0 
2221.1 
2224.3 
2227.4 

2230.5 
2233.7 
2236.8 
2240.0 
2243.1 

2246.2 
2249.4 
2252.5 
2255.7 
2258.8 

2261.9 
2266.1 
2268.2 
2271.4 
2274.5 

2277.7 
2280.8 
2283.9 
2287.1 
2290.2 

2293.4 
2296.5 
2299.7 
2302.8 
2306.9 

2309.1 
2312.2 
2315.4 
2318.5 
2321.6 

2324.8 
2327.9 
2331.1 
2334.2 
2337.3 

2340.5 
2343.6 
2346.8 
2349.9 
2353.1 



Area. 



384845 
385945 
387047 
388151 
389256 

390363 
391471 
392580 
393692 
394806 

396919 
397035 
398153 
399272 
400393 

401515 
402639 
403765 
404892 
406020 

407150 
408282 
409416 
410550 
411687 

412825 
413965 
415106 
416248 
417393 

418539 
419686 
420835 
421986 
423138 

424293 
425448 
426604 
427762 
428922 

430084 
431247 
432412 
433578 
434746 

435916 
437087 
438259 
439433 
440609 



Square. 



Cube, 



490000 
491401 
492804 
494209 
495616 

497025 
498436 
499849 
501264 
502681 

504100 
506621 
506944 
508369 
509796 

511225 
512666 
514089 
515524 
516961 

518400 
519841 
521284 
522729 
524176 

525625 
527076 
528629 
529964 
531441 

532900 
534361 
535824 
537289 
538756 

540225 
541696 
543169 
544644 
546121 

547600 
549081 
550564 
552049 
553536 

555025 
556516 
558009 
559504 
561001 



343000000 

344472101 
345948406 
347428927 
348913664 

; 350402625 

.351895816 

363393243 

354894912 

356400829 

357911000 
359425431 
360944128 
362467097 
363994344 

366525875 
367061696 
368601813 
370146232 
371694969 

373248000 
374805361 
376367048 
377933067 
379503424 

381078125 
382657176 
384240583 
385828352 
387420489 

389017000 
390617891 
392223168 
393832837 
395446904 

397065375 
398688256 
400315553 
401947272 
403583419 

405224000 
406869021 
408518488 
410172407 
411830784 

413493625 
415160936 
416832723 
418508992 
420189749 



Square 
Moot. 



26.4675 
26.4764 
26.4963 
26.5141 
26.5330 

26.5518 
26.5707 
26.5895 
26.6083 
26.6271 

26.6458 
26.6646 
26.6833 
26.7021 
26.7206 

26.7395 
26.7582 
26.7769 
26.7955 
26.8142 

26.8328 
26.8514 
26.8701 
26.8887 
26.9072 

26.9258 
26.9444 
26.9629 
26.9815 
27.0000 

27.0186 
27.0370 
27.0555 
27.0740 
27.0924 

27.1109 
27.1293 
27.1477 
27.1662 
27.1846 

27.2029 
27.2213 
27.2397 
27.2580 
27.2764 

27.2947 
27.3130 
27.3313 
27.3496 
27.3679 



Cube 
Root. 



8.8790 
8.8833 
8.8875 
8,8917 
8.8959 

8.9001 
8.9043 
8.9085 
8.9127 
8.9169 

8.9211 
8.9253 
8.9296 
8.9337 
8.9378 

8.9420 
8.9462 
8.9503 
8.9645 
8.9587 

8.9628 
8.9670 
8.9711 
8.9752 
8.9794 

8.9836 
8.9676 
8.9918 
8.9969 
9.0000 

9.0041 
9.0062 
9.0123 
9.0164 
9.0205 

9.0246 
9.0287 
9.0328 
9.0369 
9.0410 

9.0450 
9.0491 
9.0532 
9.0572 
9.0613 

9.0654 
9.0694 
9.0735 
9.0775 
9.0816 



Log. 



2.84510 
2.84672 
2.84634 
.cnmto 
2.84757 

2.84819 
2.84880 
2.84942 
2.86003 
2.85065 

2.86126 
2.86187 
2.86248 
2.86309 
2.86370 

2.86431 
2.86491 
2.86662 
2.86612 
2.86673 

2.86733 
2.85794 
2.85854 
2.86914 
2.85974 

2.86034 
2.86094 
2.86153 
2.86213 
2.86273 

2.86332 
2.86392 
2.86451 
2.86510 
2.86570 

2.86629 
2.86688 
2.86747 
2.86806 
2.86864 

2.86923 
2.86962 
2.87040 
2.87099 
2.87157 

2.87216 
2.87274 
2.87332 
2.87390 
2.87448 



1000 X 
Becip. 



1.428S7 
1.42663 
1.42460 
1.42248 
1.42046 

1.41844 
1.41643 
1.41443 
1.41243 
1.41044 

1.40645 
1.40647 
1.40449 
1.40253 
1.40066 

1.39860 
1.39665 
1.39470 
1.39276 
1.39082 

1.38889 
1.38696 
1.38504 
1.38313 
1.38122 

1.37931 
1.37741 
1.37562 
1.37363 
1.37174 

1.36966 
1.36799 
1.36612 
1.36426 
1.36240 

1.36064 
1.35870 
1.35686 
1.35501 
1.35318 

1.35135 
1.34953 
1.34771 
1.34590 
1.34409 

1.34228 
1.34048 
1.33869 
1.33690 
1.336U 
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CIRCUMFERENCBS, CIRCULAR AREAS, SQUARES, CUBXS, 

SQUARE ROOTS, CUBE ROOTS, I^OOARITHMS, AND 

RECIPROCALS OF NOS. FROM 1 TO 1000. 





JVb.- 


'Diam. 




No, 






Square. 








CHrcum. 


Area. 




750 


2356.2 


441786 


562500 


751 


2359.3 


442966 


564001 


752 


2362.5 


444146 


565504 


753 


2365.6 


445328 


567009 


754 


2368.8 


446511 


568516 


755 


2371.9 


447697 


570025 


756 


2375.0 


448883 


571536 


757 


2378.2 


450072 


573049 


758 


2381.3 


451262 


574564 


759 


2384.5 


452453 


576081 


760 


2387.6 


453646 


577600 


761 


2390.8 


454841 


579121 


762 


2393.9 


456037 


580644 


763 


2397.0 


457234 


582169 


764 


2400.2 


458434 


583696 


765 


2403.3 


459635 


585225 


766 


2406.5 


460837 


586756 


767 


2409.6 


462042 


588289 


768 


2412.7 


463247 


589624 


769 


2415.9 


46*454 


591361 


770 


2419.0 


465663 


592900 


771 


2422.2 


466873 


594441 


772 


2425.3 


468085 


595984 


773 


2428.5 


469298 


597529 


774 


2431.6 


470513 


599076 


775 


2434.7 


471730 


600625 


776 


2437.9 


472948 


602176 


777 


2441.0 


474168 


603729 


778 


2444.2 


475389 


605284 


779 


2447.3 


476612 


606841 


780 


2450.4 


477836 


608400 


781 


2453.6 


479062 


609961 


782 


2456.7 


480290 


611524 


7R3 


2459.9 


481519 


613089 


784 


2463.0 


482750 


614656 


785 


2466.2 


483962 


616225 


7HH 


2469.3 


486216 


617796 


W/ 


2472.4 


486451 


619369 


788 


2475.6 


487688 


620944 


'/89 


2478.7 


488927 


622521 


790 


2481.9 


490167 


624100 


791 


2485.0 


491409 


625681 


792 


2488.1 


492662 


627264 


793 


2491.3 


493897 


628849 


794 


2494.4 


495143 


630436 


795 


2497.6 


496391 


632025 


796 


2500.7 


497641 


633616 


79*/ 


2503.8 


498892 


635209 


798 


2507.0 


500145 


636804 


799 


2510.1 


501399 


638401 



Cube, 



421875000 
423564751 
425259008 
A2B&57777 
428661064 

430368875 
432081216 
433798093 
435519512 
437245479 

438976000 
440711081 
442450728 
444194947 
445943744 

447697125 
449455096 
451217663 
452984832 
454756609 

456533000 
458314011 
460099648 
461889917 
463684824 

465484375 
467288576 
469097433 
470910962 
472729139 

474552000 
476879541 
478211768 
480048687 
481890304 

483736625 
485687656 
487443403 
489303872 
491169069 

493039000 
494913671 
496793088 
498677257 
500666184 

502459875 
504358336 
506261573 
608169592 
510082399 



Square 
Root, 



27.3861 
27.4044 
27.4226 
27.4408 
27.4591 

27.4773 
27.4955 
27.5136 
27.5318 
27.5500 

27.5681 
27.5862 
27.6043 
27.6225 
27.6405 

27.6586 
27.6767 
27.6948 
27.7128 
27.7308 

27.7489 
27.7669 
27.7849 
27.8029 
27.8209 

27.8388 
27.8568 
27.8747 
27.8927 
27.9106 

27.9285 
27.9464 
27.9643 
27.9821 
28.0000 

28.0179 
28.0357 
28.0535 
28.0713 
28.0891 

28.1069 
28.1247 
28.1425 
28.1603 
28.1780 

28.1957 
28.2135 
28.2312 
28.2489 
28.2666 



Cube 
Boot, 



9.0866 
9.0896 
9.0937 
9.0977 
9.1017 

9.1057 
9.1098 
9.1138 
9.1178 
9.1218 

9.1258 
9.1298 
9.1338 
9.1378 
9.1418 

9.1458 
9.1498 
9.1537 
9.1577 
9.1617 

9.1657 
9.1696 
9.1736 
9.1775 
9.1815 

9.1855 
9.1894 
9.1933 
9.1973 
9.2012 

9.2052 
9.2091 
9.2130 
9.2170 
9.2209 

9.2248 
9.2287 
9.2326 
9.2365 
9.2404 

9.2443 
9.2482 
9.2521 
9.2560 
9.2599 

9.2638 
9.2677 
9.2716 
9.2754 
9.2793 



liOg. 



2.87506 
2.87564 
2.87622 
2.87679 
2.87737 

2.87795 
2.87852 
2.87910 
2.87967 
2.88024 

2.88081 
2.88138 
2.88195 
2.88252 
2.88309 

2.88366 
2.88423 
2.88480 
2.88536 
2.88593 

2.88649 
2.88705 
2.88762 
2.88818 
2.88874 

2.88930 
2.88966 
2.89042 
2.89098 
2.89154 

2.89209 
2.89265 
2.89321 
2.89376 
2.89432 

2.89487 
2.89542 
2.89597 
2.89653 
2.89708 

2.89763 
2.89818 
2.89873 
2.89927 
2.89982 

2.90037 
2.90091 
2.90146 
2.90200 
2.90255 



1000 X 
Recip, 



.33383 
.33156 
.32979 
.32802 
.32626 

.32450 
.32275 
.32100 
.31926 
.31752 

.31579 
.31406 
.31234 
.31062 
.30890 

.30719 
.30548 
.30378 
.30208 
.30039 

.29870 
.29702 
.29534 
.29366 
.29199 

.29032 
.28866 
.28700 
.28535 
.28370 

.28206 
.28041 
.27877 
.27714 
.27551 

.27389 
.27226 
.27065 
.26904 
.26743 

.26582 
.26422 
.26263 
.26103 
.25945 

.25786 
.25628 
.25471 
.25313 
.25156 
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cikcusif£b£nc£s, circtjlar areas, sqcarss, cub£6, 

square: roots, curr roots, logarithms, and 

rrciprocai^ of nos. from 1 to 1000. 



No. 


JVo. = 


■ Diam. 


rr 






Square. 




Cireum. 


Area. 




fiOO 


2513.3 


502665 


640000 


801 


2516.4 


503912 


641601 


m?. 


2519.6 


505171 


6*3204 


803 


2522.7 


506432 


644809 


804 


2525.8 


507694 


646416 


805 


2529.0 


508958 


648025 


806 


2532.1 


510223 


649636 


807 


2535.3 


511490 


651249 


808 


2538.4 


512758 


652864 


809 


2541.5 


514028 


654481 


810 


2544.7 


515300 


656100 


811 


2547.8 


516573 


657721 


812 


2551.0 


517848 


659344 


813 


2554.1 


519124 


660969 


814 


2557.3 


520402 


662596 


815 


2560.4 


521681 


664225 


816 


2563.5 


522962 


665856 


817 


2566.7 


524245 


667489 


818 


2569.8 


525529 


669124 


819 


2573.0 


526814 


670761 


820 


2576.1 


528102 


672400 


821 


2579.2 


529391 


674041 


822 


2582.4 


530681 


675684 


823 


2585.5 


531973 


677329 


824 


2588.7 


533267 


678976 


825 


2591.8 


534562 


680625 


826 


2595.0 


535858 


682276 


82-/ 


2598.1 


537157 


683929 


R28 


2601.2 


538456 


685584 


829 


2604.4 


539758 


687241 


830 


2607.5 


541061 


688900 


831 


2610.7 


542365 


690561 


832 


2613.8 


543671 


692224 


833 


2616.9 


544979 


693889 


834 


2620.1 


546288 


695556 


m> 


2623.2 


547599 


697225 


836 


2626.4 


548912 


698896 


K-r/ 


2629.5 


550226 


700569 


838 


2632.7 


551541 


702244 


839 


2635.8 


552858 


703921 


840 


2638.9 


554177 


705600 


841 


2642.1 


555497 


707281 


842 


2645.2 


556819 


708964 


843 


2648.4 


558142 


710649 


844 


2651.5 


559467 


712336 


845 


2654.6 


560794 


714025 


846 


2657.8 


562122 


715716 


847 


2660.9 


563452 


717409 


848 


2664.1 


564783 


719104 


849 


2667.2 


566116 


72080] 



Cube. 



512000000 
513922401 
515849608 
517781627 
519718464 

521660125 
523606616 
525657943 
527514112 
529475129 

531441000 
533411731 
535387328 
537367797 
539353144 

541343375 
543338496 
545338513 
547343432 
549353259 

551368000 
553387661 
555412248 
557441767 
559476224 

661515625 
563559976 
565609283 
567663552 
569722789 

571787000 
573856191- 
575930368 
578009537 
580093704 

582182875 
584277056 
586376253 
588480472 
590589719 

592704000 
594823321 
596947688 
599077107 
601211584 

603351125 
605495736 
607645423 
609800192 
611960049 



Square 
Boot. 



28.2843 
28.3019 
28.3196 
28.3373 
28.3549 

28.3725 
28.3901 
TS.Am 
28.4253 
28.4429 

28.4605 
28.4781 
28.4956 
28.5132 
28.5307 

28.5482 
28.5657 
28.5832 
28.6007 
28.6182 

28.6356 
28.6531 
28,6705 
28.6880 
28.7054 

28.7228 
28.7402 
28.7576 
28.7750 
28.7924 

28.8097 
28.8271 
28.8444 
28.8617 
28.8791 

28.8964 
28.9137 
28.9310 
28.9482 
28.9655 

28.9828 
29.0000 
29.0172 
29.0345 
29.0517 

29.0689 
29.0861 
29.1033 
29.1204 
29.1376 



Cube 
RooL 



9.2832 
9.2870 
9.2909 
9.2948 
9.2986 

9.3025 
9.3063 
9.3102 
9.3140 
93179 

9.3217 
9.3255 
9.3294 
9.3332 
9.3370 

9.3408 
9.3447 
9.3485 
9.3523 
9.3561 

9.3599 
9.3637 
9.3675 
9.3713 
9.3751 

9.3789 
9.3827 
9.3865 
9.3902 
9.3940 

9.3978 
9.4016 
9.4053 
9.4091 
9.4129 

9.4166 
9.4204 
9.4241 
9.4279 
9.4316 



Log. 



1000 X 
Reeip. 



4354 
4391 
4429 
4466 
4503 



9.4541 
9.4578 
9.4615 
9.4652 
9.4690 



2.90309 
2.90363 
2.90417 
2.90472 
2.90626 

2.90680 
2 90634 
2.90687 
2.90741 
2.90795 

2.90849 
A.9U9u2 
2.90956 
2.91009 
2.91062 

2.91116 
2.91169 
2.91222 
2.91275 
2.91328 

2.91381 
2.91434 
2.91487 
2.91540 
2.91593 

2.91645 
2.91698 
2.91751 
2,91803 
2.91855 

2.91908 
2.91960 
2.92012 
2.92065 
2.92117 

2.92169 
2.92221 
2.92273 
2.92324 
2.92376 

2.92428 
2.92480 
2.92531 
2.92583 
2.92634 

2.92686 
2.92737 
2.92788 
2.92840 
2.92891 



1.25000 
1.24844 
1.24688 
1.24533 
1.24378 

1.24224 
1.24069 
1.23916 
1.23762 
1.23609 

1,23457 
1.23306 
1.23153 
1.23001 
1.22850 

1.22699 
1.22549 
1.22399 
1.22249 
1.22100 

1.21951 
1.21803 
1.21655 
1.21507 
1.213S9 

1.21212 
1.21065 
1.20919 
1.20773 
1.20627 

1.20482 
1.20337 
1.20192 
1.20048 
1.19904 

1.19760 
1.19617 
1.19474 
1.19332 
1.19189 

1.19048 
1.18906 
1.18765 
1.18624 
1.18483 

1.18343 
1.18203 
1.18064 
1.17925 
1.17786 
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CIRCtTMF£BENC£S, CIRCULAB AREAS, SQUARES, CUBES, 

SQUARE BOOTS, CUBE ROOTS, LOGARITHMS, AND 

RECIPROCALS OF NOS. FROM 1 TO 1000. 



No. 



860 
851 
852 
853 
864 

855 
866 
867 
868 
869 

860 
861 
862 
863 
864 

865 
866 
867 
868 
869 

870 
871 
872 
873 
874 

875 
876 
877 
878 
879 

880 
881 
882 
883 
884 

885 
886 
887 
888 
889 

890 
891 
892 
893 
894 

895 
896 
897 
898 
899 



No. = IHam. 



Circum. Area 



2670.4 
2673.5 
2676.6 
2679.8 
2682.9 

2686.1 
2689.2 
2692.3 
2695.5 
2698.6 

2701.8 
2704.9 
2708.1 
2711.2 
2714.3 

2717.5 
2720.6 
2723.8 
2726.9 
2730.0 

2733.2 
2736.3 
2739.5 
2742.6 
2745.8 

2748.9 
2752.0 
2755.2 
2758.3 
2761.5 

2764.6 
2767.7 
2770.9 
2774.0 
2777.2 

2780.3 
2783.5 
2786.6 
2789.7 
2792.9 

2796.0 
2799.2 
2802.3 
2805.4 
2808.6 

2811.7 
2814.9 
2818.0 
2821.2 
2824.3 



567450 
568786 
570124 
571463 
572803 

574146 
575490 
576835 
578182 
579530 

580680 
582232 
583585 
584940 
586297 

587655 
589014 
590375 
591738 
593102 

594468 
595835 
597204 
598575 
599947 

601320 
602696 
604073 
605451 
606831 

608212 
609595 
610960 
612366 
613754 

615143 
616534 
617927 
619321 
620717 

622114 
623513 
624913 
626315 
627718 

629124 
630630 
631938 
633348 
634760 



Square. 


Cfube. 


Square 
Root. 


Cube 
Root. 


Log. 


72250Q 


614125000 


29.1548 


9.4727 


2.92942 


724201 


616295051 


29.1719 


9.4764 


2.92993 


725904 


618470208 


29.1890 


9.4801 


2.93044 


727609 


620650477 


29.2062 


9.4838 


2.93095 


'/29316 


622835864 


29.2233 


9.48'/b 


2.93146 


731025 


625026375 


29.2404 


9:4912 


2.93197 


'mr<s& 


627222016 


29.2575 


9.4949 


2.93247 


734449 


629422793 


29.2746 


9.4986 


2.93298 


736164 


631628712 


29.2916 


9.5023 


2.93349 


Tsmi 


633839779 


29.3087 


9.5060 


2.93399 


739600 


636056000 


29.3258 


9.5097 


2.93450 


741321 


638277381 


29.3428 


9.5134 


2.93500 


743044 


640503928 


29.3598 


9.5171 


2.93551 


744769 


642'/3b647 


29.3769 


9.5207 


2.93601 


746496 


644972544 


29.3939 


9.5244 


2.93651 


7482?.') 


647214625 


29.4109 


9.5281 


2.93702 


749956 


649461896 


29.4279 


9.5317 


2.93752 


751689 


651714363 


29.4449 


9.5354 


2.93802 


753424 


653972032 


29.4618 


9.5391 


2.93852 


755161 


656234909 


29.4788 


9.5427 


2.93902 


756900 


658503000 


29.4958 


9.5464 


2.93952 


758641 


669776311 


29.5127 


9.5501 


2.94002 


760384 


663054848 


29.5296 


9.5537 


2.94052 


762129 


665338617 


29.5466 


9.5574 


2.94101 


763876 


667627624 


29.5635 


9.5610 


2.94151 


765625 


6a99218'/b 


29.5804 


9.5647 


2.94201 


767376 


672221376 


29.5973 


9.5683 


2.94250 


769129 


674526133 


29.6142 


9.5719 


2.94300 


770884 


676836152 


29.6311 


9.5756 


2.94349 


772641 


679151439 


29.64'/9 


9.5792 


2.94399 


774400 


681472000 


29.6648 


9.5828 


2.94448 


776161 


683797841 


29.6816 


9.5865 


2.94498 


rrm^ 


686128968 


29.6985 


9.5901 


2.94547 


779689 


688465387 


29.7153 


9.593*/ 


2.94596 


781456 


690807104 


29.'/321 


9.59/3 


a .irrVrO 


78:*«tt) 


693154125 


29.7489 


9.6010 


2.94694 


784996 


a9fif)06456 


29.7658 


9.6046 


2.94743 


786769 


69'/«64103 


29.7825 


9.6082 


2.94792 


vmM 


700227072 


29.7993 


9.6118 


2.94841 


790321 


702595369 


29.8161 


9.6154 


2.94890 


792100 


704969000 


29.8329 


9.6190 


2.94939 


793881 


707347971 


29.8496 


9.6226 


2.94988 


795664 


709732288 


29.8664 


9.6262 


2.95036 


797449 


712121957 


29.8831 


9.6298 


2.95085 


799236 


714516984 


29.8998 


9.6334 


2.95134 


801025 


71691'/3'/b 


29.9166 


9.6370 


2.95182 


802816 


719323136 


29.9333 


9.6406 


2.95231 


804609 


721734273 


29.9500 


9.6442 


2.95279 


806404 


724150792 


29.9666 


9.6477 


2.95328 


808201 


726572699 


29.9833 


9.6513 


2.95376 



1000 X 
Recip. 



17647 
17509 
17371 
17233 
17096 

16959 
16822 
16686 
16550 
16414 

16279 
16144 
16009 
15875 
15741 

15607 
15473 
15340 
15207 
15075 

14943 
14811 
14679 
14548 
14416 

14286 
14155 
14025 
13896 
13766 

13636 
13507 
13379 
13250 
13122 

12994 
12867 
12740 
12613 
12486 

12360 
12233 

12108 
11982 
11857 

11732 
11607 
11483 
11359 
11235 
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CmcUMFEBJSNClsa CIRCUUliB ABEAS, SQUARES, CUBES, 

SQUARE ROOTS, CUBE ROOTS, I^OARITHMS, ANB 

BECIPROCAIiS OF NOS. FROM 1 TO 1000. 



fh. 



900 
901 
902 
903 
904 

905 
906 
907 
906 
909 

910 
911 
912 
913 
914 

915 
916 
917 
918 
919 

920 
921 
922 
923 
924 

925 
926 
927 
928 
929 

930 
931 
932 
933 
934 

935 
936 
937 
938 
939 

940 
941 
942 
943 
944 

945 
946 
947 
948 
949 



JVo. = Diam. 



Circum. Area, 



TSZTA 
2830.6 
2833.7 
2836.9 
2840.0 

2843.1 
2846.3 
2849.4 
2852.6 
2855.7 

2868.8 
2862.0 
2865.1 
2868.3 
2871.4 

2874.6 
2877.7 
2880.8 
2884.0 
2887.1 

2890.3 
2893.4 
2896.5 
2899.7 
2902.8 

2906.0 
2909.1 
2912.3 
2915.4 
2918.5 

2921.7 
2924.8 
2928.0 
2931.1 
2934.2 

2937.4 
2940.5 
2943.7 
2946.8 
2950.0 

2953.1 
2956.2 
2959.4 
2962.5 
2965.7 

2968.8 
2971.9 
2975.1 
2978.2 
2981.4 



636173 
637587 
639003 
640421 
641840 

643261 
644683 
646107 
647533 
648960 

660388 
661818 
663250 
654684 
666118 

657556 
658993 
660433 
661874 
663317 

664761 
666207 
667654 
669103 
670654 

672006 
673460 
674915 
676372 
677831 

679291 
680752 
682216 
683680 
685147 

686615 
688084 
689655 
691028 
692502 

693978 
695455 
696934 
698415 
699897 

701380 
702865 
704352 
705840 
707330 



Square. 



810000 
811801 
813604 
815409 
817216 

819025 
820836 
822649 
824464 
826281 

828100 
829921 
831744 
833569 
835396 

837225 
839066 
840689 
842724 
844661 

846400 
848241 
850084 
851929 
853776 

856625 
857476 
859329 
861184 
863041 

864900 
866761 
868624 
870489 
872356 

874225 
876096 
877969 
879844 
881721 

883600 
885481 
887364 
889249 
891136 

893025 
894916 
896809 
898704 
900601 



Cube, 


Square 
Boot, 


Cube 
Root, 


Log. 


729000000 

731432701 
733870606 
736314327 
738763264 


30.0000 
30.0167 
30.0333 
30.0600 
30.0666 


9.6649 
9.6666 
9.6620 
9.6666 
9.6692 


2.96424 
2.96472 
2.96621 
2.96669 
2.96617 


741217625 
743677416 
746142643 
748613312 
751089429 


30.0632 
30.0996 
30.1164 
30.1330 
30.1496 


9.6727 
9.6763 
9.6799 

9.6k;h 

9.6870 


2.96665 
2.96713 
2.96761 
2.96809 
2.96866 


753S71000 
756068031 
758660628 
761048497 
763651944 


30.1662 
30.1828 
30.1993 
30.2159 
30.2324 


9.6906 
9.6941 
9.6976 
9.7012 
9.7047 


2.96904 
2.95962 
2.96999 
2.96047 
2.96096 


/66u60d75 
76867S296 
771096213 
773620632 
776161559 


30.2490 
30.2666 
30.2820 
30.2985 
30.3150 


9.7082 
9.7118 
9.7153 
9.7188 
9.7224 


2.96142 
2.96190 
2.96237 
2.96284 
2.96332 


778688000 
781229961 
7837'/'/448 
786330467 
78S889G24 


30.3315 
30.3480 
30.3645 
30.3809 
30.3974 


9.7259 
9.7294 

9.7364 
9.7400 


2.96379 
2.96426 
2.96473 
2.96620 
2.9666/ 


791453125 
7940227'/6 
796697983 
799178752 
801766089 


30.4138 
30.4302 
30.4467 
30.4^1 
30.4796 


9.7435 
9.7470 
9.7505 
9.7540 
9.7575 


2.96614 
2.96661 
2.96708 
2.96755 
2.96802 


804367000 
806954491 
809667568 
812166237 
814780504 


30.4969 
30.5123 
30.5287 
30.5450 
30.5614 


9.7610 
9.7645 
9.7680 
9.7715 
9.7750 


2.96848 
2.96896 
2.96942 
2.96988 
2.9/035 


817400375 
820025856 

825293672 
827936019 


30.5778 
30.5941 
30.6106 
30.6268 
30.6431 


9.7785 
9.7819 
9.7864 
9.7889 
9.7924 


2.97081 
2.97128 
2.97174 
2.97220 
2.9'/2b7 


830684000 
833237621 
835896888 
838561807 
841232384 


30.6594 
30.b7b7 
30.6920 
30.7083 
30.7246 


9.7959 
9.7993 
9.8028 
9.8063 
9.8097 


2,97313 
2.97359 
2.97406 
2.97461 
2.9/497 


843908625 
846590636 
849278123 
8519'/1392 
854670349 


30.7409 
30.7571 
30.7734 
30.7896 
30.8058 


9.8132 
9.8167 
9.8201 
9.8236 
9.82'/0 


2.97543 
2.97589 
2.97«:i») 
2.9'/68L 
2.9'/'/27 



1000 X 
Recip, 

1.11111 
1.10968 
1.10866 
1.10742 
1.10619 

1.10497 
1.10375 
1.10254 
1.10132 
1.10011 

1.09690 
1.09769 
1.09649 
1.09629 
1.09409 

1.09290 
1.09170 
l.t)9061 
1.08932 
1.06814 

1.06696 
1.08678 
1.08460 
1.06342 
1.06226 

1.06106 
1.07991 
1. 07875 
1.07799 
1.07643 

1.07827 
1.074U 
1.07296 
1.07181 
1.07066 

1.06952 
1.06838 
1.06724 
1.06610 
1.06496 

1.06383 
1.06270 
1.06157 
1.06045 
1.06932 

1.05820 
1.06708 
1.06697 
1.06486 
1.06374 
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CIUCUMF£R£NC£S, CIBCCLAB ABEAS, SQUARES, CUBES, 

SQUARE BOOTS, CUBE BOOTS, LOGABITHMS, ANB 

BECIFBOCAIiS OF NOS. FBOM 1 TO 1000. 



No. 


No.= 


Diam. 


Square. 


Cube. 


Square 
Boot. 


Cube . 
RooU 


Log. 


Oircum. 


Area. 


950 


2984.5 


708S32 


902500 


857375000 


30.8221 


9.8305 


2.97772 


9f)l 


2987.7 


710315 


904401 


860085351 


30.8383 


9.8339 


2.97818 


952 


2990.8 


711809 


906304 


862801408 


30.8545 


9.8374 


2.97864 


953 


2993.9 


713306 


908209 


865523177 


30.8707 


9.8408 


2.97909 


954 


2997.1 


714803 


910116 


868250664 


30.8869 


«7.o443 


2.97955 


955 


3000.2 


716303 


912025 


870983«'/5 


30.9031 


9.8477 


2.98000 


956 


3003.4 


717804 


913936 


873722816 


30.9192 


9.8511 


2.98046 


957 


3006.5 


719306 


915849 


876467493 


30.9354 


9.8546 


2.98091 


958 


3009.6 


720R10 


917764 


87921'/912 


30.9516 


9.8580 


2.98137 


969 


3012.8 


722316 


919681 


8819'/40'/9 


30.9677 


9.8614 


2.98182 


960 


3015.9 


•/23823 


921600 


884736000 


30.9839 


9.8648 


2.98227 


961 


3019.1 


rPh'm 


923521 


887503681 


31.0000 


9.8683 


2.98272 


962 


3022.2 


726842 


925444 


890277128 


31.0161 


9.8717 


2.98318 


963 


3025.4 


728354 


y^r/369 


893056347 


31.0322 


9.8'/bl 


2.98363 


964 


3028.5 


729867 


929296 


895841344 


31.0483 


9.8785 


2.98408 


965 


3031.6 


731382 


931225 


898632125 


31.0644 


9.8819 


2.98453 


QRti 


3034.8 


'/32899 


938156 


901428696 


31.0805 


9.8854 


2.98498 


967 


3037.9 


734417 


935089 


904231063 


31.0966 


9.RR88 


2.9R543 


968 


3041.1 


735937 


937024 


907039232 


31.1127 


9.8922 


2.98588 


969 


3044.2 


737458 


938961 


909853209 


31.1288 


9.8956 


2.98632 


970 


3047.3 


738981 


940900 


912673000 


31.1448 


9.8990 


2.98677 


971 


3050.5 


740506 


942841 


915498611 


31.1609 


9.9024 


2.98722 


972 


3053.6 


742032 


944784 


918330048 


31.1769 


9.9058 


2.98767 


973 


3056.8 


743559 


946729 


921167317 


31.1929 


9.9092 


2.98811 


974 


3059.9 


745088 


948676 


924010424 


31.2090 


9.9126 


2.98856 


975 


3063.1 


746619 


950625 


9268593'/b 


31.2250 


9.9160 


2.98900 


976 


3066.2 


748151 


952576 


929714176 


31.2410 


9.9194 


2.98945 


977 


3069.3 


749685 


954529 


932574833 


31.2570 


9.9227 


2.98989 


978 


3072.5 


751221 


956484 


935441352 


31.2730 


9.9261 


2.99034 


979 


30'/b.6 


752758 


958441 


938313739 


31.2890 


9.9295 


2.99078 


980 


3078.8 


754296 


960400 


941192000 


31.3050 


9.9329 


2.99123 


981 


3081.9 


755aS7 


962361 


944076141 


31.3209 


9.9363 


2.99167 


982 


3085.0 


7573'/8 


964324 


9469661 68 


31.3369 


9.9396 


2.99211 


983 


3088.2 


758922 


966289 


94986208'/ 


31.3528 


9.9430 


2.99255 


984 


3091.3 


760466 


96R256 


952763904 


31.3688 


9.9464 


2.99300 


985 


3094.5 


762013 


9'/022b 


955671625 


31.3847 


9.9497 


2.99344 


986 


3097.6 


7^^*161 


972196 


958585256 


31.4006 


9.9531 


2.99388 


987 


3100.8 


765111 


y/4169 


961504803 


31.4166 


9.9565 


2.99432 


988 


3103.9 


766662 


976144 


9644302'/2 


31.4325 


9.9598 


2.99476 


989 


3107.0 


768214 


978121 


96/361669 


31.4484 


9.9632 


2.99520 


990 


3110.2 


769769 


980100 


970299000 


31.4643 


9.9666 


2.99564 


991 


3113.3 


771325 


982081 


973242271 


31.4802 


9.9699 


2.99607 


992 


3116.5 


'/■/2882 


984064 


976191488 


31.4960 


9.9733 


2.99651 


993 


3119.6 


774441 


986049 


979146657 


31.5119 


9.9766 


2.99695 


994 


3122.7 


776002 


988036 


982107784 


31.5278 


9.9800 


2.99739 


995 


3125.9 


rrfbcA 


990025 


985074875 


31.5436 


9.9833 


2.99782 


QQC 


3129.0 


77SV2S 


992016 


968047936 


31.5595 


9.9866 


2.99826 


997 


3132.2 


780693 


994009 


991026973 


31.5753 


9.9900 


2.99870 


998 


3135.3 


782260 


996004 


994011992 


31.5911 


9.9933 


2.99013 


999 


3138.5 


783828 


998001 


997003999 


31.6070 


9.9967 


2.99957 



Recip. 



1.05263 
1.05152 
1.05042 
1.04932 
1.04822 

1.04712 
1.04603 
1.04493 
1.04384 
1.04275 

1.04167 
1.04058 
1.03950 
1.03842 
1.03734 



03627 
03520 
03413 
03306 
03199 



1.03093 
1.02987 
1.02881 
1.02775 
1.02669 

1.02564 
1.02459 
1.02354 
1.02249 
1.02145 



,02041 
,01937 
,01833 
,01729 
.01626 



1.01523 
1.01420 
1.01317 
1.01215 
1.01112 

1.01010 
1.00908 
1.00806 
1.00705 
1.00604 

1.00503 
1.00402 
1.00301 
1.00200 
1.00100 
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DECIMAL EQUIVALENTS FOR VrLGAB 
FRACTIONS. 
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HATDBAL TRIGONOMETRICAI. FUNCTIONS. 



NATURAL TRIGONOMETRICAL FUNCTIOirS. 









Vera. 


Cose- 


Deg. 


Min. 


Sine. 


Cos. 


cant. 
6.3924 


9 





.15643 


.84356 




10 


.15931 


.R40a9 


6.27'/2 




20 


.16218 


.83782 


6.1661 




30 


.16505 


.83495 


6.0688 




40 


.16791 


.aviw 


5.9554 




50 


.17078 


.WW!?. 


5.8564 


10 





.17365 


.R26:ib 


5.7588 




10 


.17651 


.82349 


5.6653 




20 


.17937 


.82062 


5.6749 




30 


.19(m 


.81776 


5.4874 




40 


.18509 


.81490 


5.4026 




50 


.18'/96 


.81205 


5.3205 


11 





.19081 


.80919 


5.2408 




10 


.19366 


.80634 


5.1636 




20 


.19652 


.80348 


5.0886 




30 


.19937 


.80063 


5.0158 




40 


.20222 


.79778 


4.9452 




50 


.20606 


.79493 


4.8765 


19 





.20791 


.•/92oy 


4.8097 




10 


.21076 


.•/89'24 


4.7448 




20 


.21360 


.78640 


4.6817 




30 


.21644 


.78356 


4.6202 




40 


.21928 


.780'/2 


4.5604 




50 


.22211 


.rrm 


4.5021 


13 





.22495 


.77505 


4.4454 




10 


.22778 


:rrm 


4.3901 




20 


.23061 


.76938 


4.3362 




30 


.23344 


.76655 


4.2836 




40 


.23627 


:i^r6 


4.2324 




50 


.23910 


.76090 


4.1824 


14 





.24192 


.75808 


4.1336 




10 


.24474 


.75526 


4.0859 




20 


.24756 


.75244 


4.0394 




30 


.25038 


.74962 


3.9939 




40 


.25319 


.74680 


3.9495 




50 


.25601 


.74399 


3.9061 


15 





.25882 


.74118 


3.8637 




10 


.26163 


:n^</ 


3.8222 




20 


.26443 


.73556 


3.7816 




30 


.26724 


.73276 


3.7420 




40 


.27004 


.72996 


3.7031 




50 


.27284 


.72716 


3.6651 


16 





.27564 


.72436 


3.6279 




10 


.27843 


.72157 


3.5915 




20 


.28122 


.Tvsn 


3.5559 




30 


.28401 


.71608 


3.5209 




40 


.28680 


:71320 


3.4867 




50 


.28959 


.71041 


3.4532 


17 





.29237 


.70763 


3.4203 




10 


.29515 


.70485 


3.3881 




20 


.29793 


.7^m7 


3.3565 




30 


.30070 


.69929 


3.3255 




40 


.30348 


.69652 


3.29bl 




50 


.30625 


.eaa-Zb 3.2653 


18 




.30902 


.69098 


3.2361 






Co- 


Vers. 


Se- 






sine. 


Sin. 


cant. 



Tang. 



Qh I Se- 
tang. \ canl. 



.158386.31371.0125 
.1613716.197011.0129 
.164356,084411.0134 
.ie7345.»758 1.0139 
.1703315.8708 1.0144 



,17333|5.7e94 



.17633 5.67131.0154 
.17933:5.57641.0159 
.18233'5.48451.0165 
.1853415.3955 1.0170 
.18835!5. 309311.0176 
.19136i5.22571.0181 



1.0149 



.194385.1445 
.1974015.0658 
.200424.9894 
.2034514.9151 
.206484.8430 
.2095214.7728 



.21256 
.21560 
.21864 
.22169 
.22475 
.22781 
.23087 
.23393 
.23700 
.24008 
.24316 
.24624 
.24933 
.25242 
.25552 
.25862 
.26172 
.26483 
.26795 
.27107 
.27419 
.27732 
.28046 
.28360 
.28674 
.28990 
.29305 
.29621 
.29938 
.30255 
.30573 
.30891 
.31210 
.31530 
.31850 
.32171! 
.32492 
Co- 
tang. 



4.7046 
4.6382 
4.5736 
4.5107 
4.4494 
4.3897 
4.3315 
4.2747 
4.2193 
4.1653 
4.1127 
4.0611 



4.0108 
3.9616 
3.9136 
3.8667 
3.8208 
3.7759 
3.7320 
3.6891 
3.6470 
3.6059 
3.5656 
3.5261 
3.4874 
3.4495 
3.4124 
3.3759 
3.3402 
3.3052 
3.2708 
3.2371 
3.2041 
3.1716 
3.1397 
3.1084 
3.0777 
Tan- 
gent. 



1.0187 
1.0193 
1.0199 
1.0205 
1.0211 
1.0217 

1.0223 
1.0230 
1.0236 
1.0243 
1*0249 
1.0256 
1.0263 
1.0270 
1.0277 
1.0284 
1.0291 
1.0299 
1.0306 
1.0314 
1.0321 
1.0329 
1.0337 
1.0345 
1.0353 
1.0361 
1.0369 
1.0377 
1.0386 
1.0394 
1.0403 
1.0412 
1.0420 
1.0429 
1.0438 
1.0448 
1.0457 
1.0466 
1.0476 
1.0485 
1.0495 
1.0505 
1.0515 
Cose- 
cant. 



Vers. 
Sin. 



.01231 
.01277 
.01324 
.01371 
.01420 
.01469 
.01519 
.01570 
.01622 
.01674 
.01728 
.01782 
.01837 
.01893 
.01960 
.02007 
.02066 
.02125 
.02185 
.02246 
.02308 
.02370 
.02434 
.02498 
.02563 
.02629 
.02695 
.02763 
.02831 
.02900 
.02970 
.03041 
.03113 
.03185 
.03258 
.03332 
.03407 
.03483 
.03560 
.03637 
.03715 
.03794 
.03874 
.03954 
.04036 
.04118 
.04201 
.04285 
.04369 
.04455 
.04541 
.04628 
.04716 
.04805 
.04894 

Vers. 

Cos. 



Cb- 
sine. 



.98769 
.98723 
.96676 
.98628 
.96580 



.98481 
.98430 
.98378 
.98325 
.98272 
.98218 
.98163 
.98107 
.98060 
.97992 
.97934 
.97875 
.97815 
.97754 
.97692 
.97630 
.97566 
.97502 

.97437 
.97371 
.97304 
.97237 
.97169 
.97099 
.97029 
.96959 
.96887 
.96815 
.96741 

.9000/ 

.96692 
.96517 
.96440 
.96363 
.96285 
.96206 

.96126 
.96045 
.95964 
.95882 
.95799 
.95715 
.95630 
.95545 
.95469 
.95372 
.95284 
.95195 
.95106 

Sine. 



Min. 



50 
40 
30 
20 
10 

50 
40 
30 
20 
10 

50 
40 
30 
20 
10 

50 
40 
'30 
20 
10 

50 
40 
30 
20 
10 

50 
40 
30 
20 
10 

50 
40 
30 
20 
10 

50 
40 
30 
20 
10 

50 
40 
30 
20 
10 



Deg. 



80 



79 



i 



78 



77 



76 



75 



74 



73 



7» 
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NATURAL TRIGONOMETRICAL FUNCTIONS. 



Deg. 


Min, 


Sine. 


Vers. 
Oos. 


Cose- 
cant. 


Tang. 


Co- 
tang. 


Se- 
cant. 


Vert. 
Sin. 


Co- 
sine. 


Min. 


Beg. 


87 





.45399,'. 546012. 2027 


.50952'l.9e26ll.l223 


.10899 


.89101 




63 




10 


.456581.54342 2.1902 .513191.94861.1240 


.11032 


.88968 


50 






20 


.45917 .54083 2.1778 .51687,1.93471.1257 


.11165 


.HHK-Jh 


40 






30 


.46175 .538252.1657 .52057 1.9210 l.ia-M 


.11299 


.HK/01 


30 






40 


.46433.53567 2. 1536 .524271.9074:1.1291 


.11434 


.0OD66 


20 






50 


.46690. 53310 2. 1418 .b^*/^ 1.8940 1.1308 


.11569 


.88431 


10 




28 





.46947 .530532.1300 .53171! 1.8807 1.1326 


.11705 .88295 




62 




10 


.47204 .527962.1185 .535451.86761.1343 


.11842 


.88158 


50 






20 


.47460.52540,2.1070.539191.854611.1361 


.11980 


.88020 


40 






30 


. 47716 . 52284 2 . 0957; . 54295 1 . 8418 1 . VS/^ 


.12118 


.87882 


30 






40 


. 479711 . 520292. 0846 . 54673il . 8291 1 . 1397 


.12257 


.m^2 


20 






50 


.48226 .517742.0735 .55051 1.8165 1.1415 


.12397 


.87603 


10 




S9 





.484811.515192.0627 .55»31 1.80401.1433 


.12538 


.87462 




61 




10 


.48735 .512652.0519 .558121.79171.1452 


.126-/9 


.8'/320 


50 






20 


.48989 .5101112.0413 .5619411.7795,1.1471 


.12821 


.8'A78 


40 






30 


.49242 .50758 2.0308 .5657711 .767511.1489 


.12964 


.87035 


30 






40 


.49495.50505 2.0204 


.569621.75551.1508 


.13108 


.86892 


20 






50 


.497481.502522.0101 


.573481.74371.1528 


.1:-I2h2 


.86748 


10 




30 





.50000;.500002.0000 .577351.73201.1547 


.13397 


.86602 




60 




10 


. 50252' . 49748 1 . 9900' . 58123 1 . 7205 1 . 1566 


.13543 


.86457 


50 






20 


. 50503; . 49497' 1 . 9801' . 58513 1 . 709011 . 1586 


.13690 


.86310 


40 






30 


.50754;. 49246 1.9703 


.5890411.6977 


1.1606 


.13837 .86163 


30 






40 


.510041.48996:1.9606 


.592971.6864 


1.1626 


.13985.86015 


20 






50 


.51254;. 48746, 1.9510 


.596911.6763 


1.1646 


.141341.85866 


10 




31 





.51504!. 484961. 9416 .600861.6643 


1.1666 


.14283 .85717 




59 




10 


.51753'. 4824711. 9322 


.604831.6534 


1.1687 


.14433.85566 


50 






20 


.520021.47998 1.9230 


.608811.64251.1707 


.14584 .85416 


40 






30 


.522501.477501.9139 


.61280;i. 6318 1.1728 


.14736 .85264 


30 






40 


. 52498'. 47502;i.9048 


.616811.62121.1749 


.14888 .85112 


20 






50 


.52745 .47255 1.8959 


.62083,1.61071.1770 


.150411.84959 


10 




32 





.52992 


.470081.8871 


.624871.60031.1792 


.15195 .84805 




58 




10 


.53238 .467621.8783 


.628921.59001.1813 


.15350;. 84650 


50 






20 


. 534841. 46516;l. 8697 


.632991.57981.1835 


.15505 


.84495 


40 






30 


.53730;. 462701. 8611 


.637071.56971.1857 


.15661 


.84339 


30 






40 


.53975.460251.8527 


.6411711 .5596 1.18-/9 


.15817 


.84182 


20 






50 


.542201.457801.8443 


.645281 .5497 1.19QI 


.15975 


.84025 


10 




33 





.54464;. 45536 1.8361 


.64941 


1.53991.1924 


.16133 


.83867 




57 




10 


.54708.452921.8279 


.65355 


1.53011.1946 


.16292 


.83-/08 


50 






20 


.54951 .4504911.8198 


.65771 


1.52041.1969 


.16451 


.83549 


40 






30 


.55194 .4480611.8118 


.66188 


1.5108 


1.1992 


.16611 


.83388 


30 






40 


.55436.445641.8039 


.666081.5013 


1.2015 


.167721.835^ 


20 






50 


.55678.443221.7960 


.670281.4919 


1.2039 


.16934'.S066 


10 




34 





.55919 .44081 1.7883 .67451 1 .4826 1.2062 


.17096.82904 




56 




10 


. 56160, . 43840: 1 . 7805; . 67875 1 . 4733 1 . 2086 


.r/2b9 .82741 


50 






20 


.564011.43599 1.77301 .68301 1 .46*1 1.2110 


.17423 .82677 


40 






30 


.56541'. 43359 


1.7655.6872811.45501.2134 


.17587.82413 


30 






40 


.56880' ^3120 


1.7581 .69157 


1.44601.2158 


.17752 :82247 


20 






50 


.57119.42881 


1.7507 


.69588 


1.43701.2183 


.17918 


.82082 


10 




35 





. 57358. 42642ll. 7434' .70021 


1.42811.2208 


.18085 


.81915 




55 




10 


. 57596 . 42404 1 . 7362' . 70455 


1.41931.2233 


.18252 


.81748 


50 






20 


.57833;. 42167 


1.7291^.70891 


1.41061.2258 


.18420 


.81580 


40 






30 


.53070'. 41930 1.7220'. 71329 


1.40191.2283 


.18588 


.81411 


30 






40 


.583071.416931.7151 


.71769 


1.39331.2309 


.18758 


.81242 


20 






50 


.58543.41457 


1.7081 


.72211 


1.38481.2335 


.18928 


.81072 


10 




36 





.58778 .41221 


1.7013 


.72654 


1.376411.2361 


.19098 


.80902 




54 






Cb- 


Vers. 


^e- 


Co- 


Tan- 


Cose- 


Vers. 


Sine. 










xine. 


Sin. 


cant. 


iang. 


qenl. 


cant. 


Cos. 







: 
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The relation between the practical units and the C. G. S. 
Units is : 



1 Ampere 




— 10-1 C. 


G. S. Unite 


1 Volt 




10« 




lOhm 




— 10" 




1 Coulomb 




— 10-1 




1 Farad 




— io-» 




1 Volt-coulomb 




— 10^ 




1 Watt (volt-am 


p^e) 


— 10^ 





1 Voltrcoulomb 
(Joule) 



1 Foot-pound 
1 Kilogrammeter = 9.81 
1 H. P. per second = 745.941 
IH. P.permin. =44756.47 



Equivalents of Work. 

Work = Power X* Time. 

= 1 Watt (volt-ampere) per second. 

= .737324 foot-pounds. 

= .101937 Kilogrammeters. 

= .00134059 H. P. per second. 

= .000022343 H. P. per minute. 

= 1.35626 Volt-coulombs. 



ii 



ii 



li 



n 



It 



a 



1 Watt 
(Volt-ampere) 



1 Horse-power 

1 Foot-lb. per sec. 

1 Foot-lb. per min.= .0226043 



Equivalents op Power. 

T>^«r^« Work 
Power = >^. 

Time 

= 1 Volt-coulomb per second. 
= .00134059 Horse-power. 
= .737324 foot-pounds per second. 
= 44.23944 *' ** minute. 

= 2654.3664 " '* hour. 
= 745.941 Watts (Volt-amperes ) . 
= 1.35626 



it 



It 



It 



(( 



{( 



(( 
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DfMEKSIOKS, WEIGHT AXD RESISTAKOE 
OP BARE COPPER WIRE. 



Bdbfr 

Gauge' 

I 



Diam. 

in 
MiU 

1 mi 

—.001" 



Area in 
Circ. 
Mils 



I 



Wl,€f 

1000 

Feet 

in Lbs. 



Besistanee @ 6S° F. 



L 



4-0 '460.000211600.00 

a-0 1409.642 167806.43 

2-0 1364.796133077.66 

324.861105535.50 



Lenglh 

,n Feei Ohms ^^^1 j,^^^^ I Ohnis 



ILb. 



per 
1000 
Feei. 



per 
Mile. 



per 
Ohm. 



per 
100 
I Lbs. 



1 1289.296 

2 257.626 

3 229.422 

4 204.307 



5 181.941 

6 162.022! 

7 144.285, 

8 128.490 

9 114.434 
10 101.897 



83693.67 
66371.31: 
52634.37, 
41741.321 



640.5 
508.0 
402.8' 
319.5 

253.31 
200.9 
159.3 
126.4 



11 
12 

13 
14 
15 
16 

17 
18 
19 
20 



90.743 
80.808 

71.962 

64.084 

I 57.069 

50.821 

45.257 
40.303 
35.890 
31.961 



33102.37' 
26251.37| 
20818.35 
16510.64 

13093.75i 

10383.02, 

8234.1l| 

6529.95 

5178.58 
4106.72 
3256.88 
2582.74 

2048.39 
1624.30 
1288.13 
1022.53 



1.561' 
1.969 
2.482 
3.130 

3.947^ 
4.977 
6.276 
7.914: 



Current in 
Amperes. 



Ex- 
posed. 



I 



.049 .25820440.00764 345 

.062 .326 16210 .01215 290 

.078 .411 12850 .01931' 245 

.098 .51810900.03071 210 



100.2 9.980 

79.56 12.58 

63.02 15.87 

49.98 20.01, 



.124 .653; 8083.04883 

.156' .824' 6410 .07765 

.1971.039 5084.1235 

.2481.309 4031.1936 

I I I 

.3131.652 3197.3122 

.3942.0831 2535.4963 

.4972.626 2011.7892 

.6273.311 15951.255 



39.63 
31.43 
24.93 
19.77 

15.68 

14.43' 

9.86, 

7.82: 

6.20 
4.92 
3.90 
3.09 



25.23! .7914.175 12651.995 
31.82 .9975.127, 10033.173 
40.12 1.257 6.637 795.3 5.045 
50.59 1.586 8.374 630.7 8.022 



63.79 1.999 10.56 500.112.76 
80.44 2.521 13.31! 396.6 20.28 
101.4 3.179 16.79 314.5 32.25 
127.94.00921.17 249.451.28 



161.35.055 26.69 197.881.53 
203.46.374 33.66 156.9129.6 
256.5 8.03842.411 124.4 206.1 
323.4 10.14 53.54! 98.66 327.8 



175 
145 
125 
110 

90 
80 
65 
55 

48 
40 
35 
30 

25 
22 
19 
16 

14 

12 

11 

9 



cea'd 

175 
145 
120 
100 

85 
73 
60 
50 

45 
35 
30 
25 

20 
17 
15 
13 

10 
8 
7 
6 

5 
5 
4 
3 



CAPACITY OF CABIiKS. 



Area in 
Circular Mils. 

200000 
300000 
400000 
500000 
600000 

700000 

800000 

900000 

1000000 

1100000 



Amperes. 



Open. I Concealed. 



300 
405 
500 
595 
680 

765 

845 

925 

1000 

1075 



200 
270 
335 
395 
445 

495 
540 
585 
630 
675 



Area in 


Amperes. 


Circular Mils. 


Open. 


Concealed. 


1200000 


1145 


715 


1300000 


1215 


755 


1400000 


1285 


795 


1500000 


1355 


835 


1600000 


1425 


875 


1700000 


1490 


910 


1800000 


1555 


945 


1900000 


1620 


980 


2000000 


1680 


1015 
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AVOIRDUPOIS OR COMMERCIAL WEIGHTS. 



Gross Ton. 


CfwU. 


Pounds. 


Ounces. 


1 


20 
1 


2240 

112 

1 


35840 

1792 

16 



LONG MEASURE. 



Miles. 


Rods. 


Yards. 


Feet. 


Inches. 


1 


320 
1 


1760 
5.6 
1 


5280 
16.5 
3 
1 


63360 

198 

36 

12 



SQUARE MEASURE. 



Sq. Miles. 


Acres. 


Sq. Rods. 


Sq. Yards. 


Sq. Feet. 


Sq. Inches. 


1 


640 
1 


102400 

160 

1 


3097600 
4840 
30.25 
1 


27878400 

43560 

272.25 

9 

1 


6272640 

39204 

1296 

144 



CUBIC MEASURE. 



CkiMc Yard. 


Cubic Feet. 


Cubic Inches. 


Struck Bushel. 


Wine Gallon. 


1 

0.0461 


27 
1 

1.2445 
0.1337 


46656 
1728 
2150.42 
231. 


21.7005 
0.8036 

1 
0.1074 


201.974 
7.4805 
9.3092 
1.0 



1 heaped bushel = 1i struck bushel. 

1 cord of wood = a pile 4x4x8 feet = 128 cubic fe6t. 

1 perch of masonry ^ 16i X IJ X 1 foot = 24i 



tt 



LIQUID MEASURE. 



Barrel. 


Gallons. 


1 


31.5 

1 



Quarts. 

126 


Pints. 


Gills. 


252 


1008 


4 


8 


32 


1 


2 


8 




1 


4 
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METRIC 878TEM. 



LINEAR MEASURR 



Denomination. 


Abhr. 


Vcdw, 


Myriameter 


■ • • 


10000 meters 


Kilometer 


km. 


1000 " 


Hectometer 


• • • 


100 " 


Dekameter 


« • • 


10 " 


Meter 


m. 


1 *' 


Decimeter 


dm. 


.1 " 


Centimeter 


cm. 


.01 " 


Millimeter 


mm. 


.001 •* 



MEASURES OF VOLUME 



I Kiloliter 
^Stere 
(Cubic Meter 

Hectoliter 

Dekfditer 
f Cubic Decimeter 
1 Liter 

Deciliter 

Centiliter 

{Cubic Centimeter 
Milliliter 
Cubic Millimeter 
Microliter 



8. 

m.' 

ill. 
dal 
dm.* 

1. 

dl. 

cl. 

cm*. 

ml. 

ram.' 



1000 liters 



(( 


« 


II 


II 


100 


It 


10 


(1 


1 


(( 


1 


11 


.1 


It 


.01 


II 


.001 




.001 liter 


.000001 •* 


.001 


m. L 



MEASURE OF SURFACE 



Denomination. 



Sg. Kilometer 

Hektar 

Are 

f Centare 

1 Square Meter 
Sq. Decimeter 
Sq. Centime'r 
Sq. Millimeter 



Ahhr. 



Valve. 



km* 

ha. 

a 

m.«' 

dm.* 

m.« 

mm.* 



1000000 m.* 

10000 m.* 

100 m.« 

Im.* 

Im.* 

.01 m.* 

.0001 m.* 

.000001 m.s 



MEASURES OF MASS. 



(Millier 
< Tonnt'au 
(Metric Ton 
Quintal 
M^riagram 
r Kilogram 
iKilo 
Hectogram 
Dekagram 
Gram 
Deci^am 
Centigram 
Milligram 
Microgram 



t. 



kg 



eg. 
mg. 

y- 



1000 kilos 






(I 
II 



100 


l< 


10 


II 


1000 j 


erams 


it 


<i 


100 


it 


10 


it 


1 


i< 


.1 


II 


.01 


II 


.001 


II 


.001 


m. g. 



METRIC CONVERSION TABLE. 



Millimeters 


X .03937 ^ inches. 


(( 


-f- 25.4 — " 


Centimeters 


X .3937— '* 


u 


-r- 2.54 — " 


Meters 


X 39.37— " (Act 


iC 


X 3.281 — feet. 


u 


X 1.094 — yards. 


Kilometers 


X .621 miles. 


It 


-^ 1.6093 — " 


u 


X 3280.7 — feet. 


Square Millimeters 


X .00165 square inches. 


u u 


-T- 645.1— " 


Square Centimeters X .155 — " " 


u u 


-7- 6.451 — " " 


Square Meters 


X 10.764 — " feet. 



(Act of Congress.) 
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t 



<c 
u 

u 



ft 
n 

Meters 



Liters 



Metric Conversion Table — Continued. 

Square Kilometers X 247.1 = acres. 
Hektares X 2.471 = acres. 

Cubic Centimeters -f- 16.383 = cubic inches. 

H- 3.69 = fluid drachms. 

-5- 29.57 = fluid ounce. 

X 35.315 = cubic feet. 

X 1.308 = cubic yards. 

X 264.2 = gallons (231 cu. in.). 

X 61.022 = cubic inches (Act of Con- 
gress). 

X 33.84 = fluid ounce (U. S. Phar. ). 

X .2642 = gallons (231 cu. in.). 

. ■ q "TO ft H CI 

-1-28.316 = cubic feet. 
X 3.531= " 

2.84 = bushels (2150.42 cu. in.). 
.131 = cubic yards. 
26.42 = gallons (231 cu. in.). 
15.432 = grains (Act of Congress). 

981 = dynes. 
29.57 = fluid ounces. 
28.35 = ounces avoirdupois. 
27.7 = pounds per cubic inches. 
X .7373 = foot-pounds. 
X 2.2046 = pounds. 
X 35.3 = ounce, avoirdupois. 
-T- 907.2 = tons (2000 lbs.), 
per sq. cent. X 14.223 = pounds per sq. in. 
Kilogrammeters X 7.233 = foot-pounds. 

Kilograms per lineal meter X .672 ^ pounds per lineal ft, 

square " X .205 := pounds per square ft. 
cubic ** X .062 = pounds per cubic ft. 
cheval-vapeurX 2.235 = lbs. per H. P. 



u 
II 
n 
II 

Hectoliters 

a 

Grams 



n 



Joule 
Kilograms 



(water) 
per cu. cent. 



X 
X 
X 
X 
X 



(( 
(( 



(( 



1 1 
it 

1 1 



n 
fl 
n 



Kilo watts 
Watts 



It 



Calorie 

Cheval-vapeur 
(Deg. Centigrade 
Francs 
Gravity, Paris 



1.34 = horse-power. 
-^ 746= '' 
X .7373 = foot-pounds per second. 
X 3.968 = B. T. U. 
X .9863 = horse-power. 
X 1.8) -f 32 = degrees Fahrenheit. 
X .193 = dollars. 

980.94 centimeters per second. 



1 Admiralty knot = 1 .853 kilometers. 

\ Atmosphere is the pressure of a column of 76 centime- 
ters of mercury at the teniperature of melting ice at Paris, 
where it is equal to 1.0333 kilos on a square centimeter. 
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ALLOWANCE for eye, square and round bars 251 

for upsets on round and square bars 260 

ALLOYS and other metals, physical properties of 287 

ANGLES as beams, approximate rule for strength of Ill 

as struts 172 

dimensions and weights of 8-11 

elements and properties of 204-209 

greatest safe loads as beams 98-103 

length of legs of, corresponding to given areas 1 

moments of inertia 204-209 

radii of gyration 204-209 

radii of gyration of two, back to back 210-214 

rivet spacing in 269 

ANGLES, BULB, elements and properties of 200-201 

weights and dimensions of 12 

ANGLE COVERS, weights of 13 

AKLES, open hearUi steel .... 16 

BARS, sizes 15 

BAR, weights and areas of round and square S04-305 

BEAMS. 

Bulb, or deck section 12 

approximate rules for strength of Ill 

dimensions and weights 12 

elements and properties of 198 

moments of inertia 198 

radii of gyration 198 

tables of safe loads and deflections 105 

I Beam Sections. 

approximate rules for strength of Ill 

dimensions and weights 2-4 

elements and properties of 186-189 

floor 28 

greatest safe load 30-93 

lateral strength of 144 

limits of deflection 27 

maximum load in tons 186-1S9 

moments of inertia. 186-189 

properties and elements of 186-189 

proportions of 2-4 

radii of gyration ,,,.., 186-189 



BEAMS— I Beam Sections. paqb 

safe loads and defloctions 30-93 

spacing and deflection of 27 

supports and connections for 108 

weight of floor per square foot 28-29 

BEAMS, of angle and tee sections 121 

stresses on, due to impact 120 

subjected to compound stresses 116-119 

supporting brick walls 154-155 

supporting irregular loads 114 

with fixed ends 25 

without lateral supports 23 

wooden 281-284-285 

BEAMS AS STRUTS 166-167 

BELTING 235 

BENDING and compression beams subjected to both 116-119 

BENDING, bearing and shearing yalues for pins . 242-243 

BENDING moments for beams 218-224 

BENDING, resistance to 24 

BOLTS AND NUTS, weight of 265 

BOLT IRON, sizes 15 

BRICK ARCHES for floors 139 

arches, tie rods for 144 

walls, beams for supporting 154-155 

BRIDGE RIVETS, shearing and bearing values of 262-263 

weightof 266 

BRIDGES, specifications for railroad 267 

BUCKLED PLATES 145-147 

greatest safe loads for 146 

BULB ANGLES, elements and properties of . 200-201 

moments of inertia 200-201 

radii of gyration 200-201 

weight of • 12 

BULB BEAMS (see Beams). 

CANTILEVER BEAMS , . 112-113 

CAST IRON 279 

CHAINS 292 

CHANNELS. 

approximate rule for strength of HI 

as struts 168-170 

dimensions and weights of 5-6 

elements and properties of 190-193 

greatest safe loads and spacing 94-96 

moments of inertia 190-193 

proportions of 5-tJ 

radii of gyration 190-193 

separation of, in latticed struts 194 

struts 164-166 



U 



V 



PAGE 

CIRCLES, areas and circumferences of 306-307 

CLEVISES, dimensions of 247 

dimensions of square rods and pins for 251 

COLUMNS. 

fireproofing and bases of ....*• • 140-141 

greatest safe load for round 176-177 

" " ** square 178-179 

moments of inertia of Z bar 196 

radii of gyration for round and square 175 

Zbar 196 

COMPOUND STRESSES, beams subjected to 116-119 

CONNECTIONS, angle 258 

CONTINUOUS BEAMS 26 

CONTINUOUS shafting, working formulae for 236 

CONTINUOUS GIRDERS, reactions for 136 

CONNECTIONS, floor beams to columns 256-267 

COPPER WIRE, dimensions, weight and resistance 340 

CORRUGATED FLOORING 150-153 

loads per square foot 152-163 

weight and strength of 151 

CORRUGATED IRON 294 

COTTERPINS 246 

CRANE STRESSES 225-226 

CUBES of numbers 308-327 

CUBE ROOTS of numbers 308-327 

DECIMAL equivalents for vulgar fractions 328 

DECK BEAMS (see Beams). 

DEFLECTION of beams 24-27 

limits of 27 

tables of, for channel bars 190-193 

" " " deck beams 198-199 

II u u I beams 30-93 

" " '* Z bars . 196-197 

tables of, for corrugated flooring sections 152 

DEFLECTION of shafting 234 

DESTRUCTIVE pressures for iron and steel struts, tables of . . 158-163 

DIMENSIONS of allowance for upsets on round and square bars . . 250 

of bolts 264-266 

" channels 6_6 

" clevises 247 

** eye bars 248 

" pins and nuts ... 244 

" rivet shanks to form heads 261 

" screw threads 264 

" separators 255 

" sleeve nuts 246 

" tees 14 
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DIMENSIONa PAOK 

of working, for continuoas shafting 236-237 

" Z bars 7 

DUCTILITY, iron and steel M-19 

ELASTICITY of wrought iron and steel 19 

ELECTRICAL formute 838-339 

ELEMENTS of structural shapes 180 

of angles 204-209 

** bulb angles 200-2U1 

** channels 190-193 

" deck beams 198>199 

" I beams 186-189 

" tees 202-203 

" usual sections 216-217 

" Z bars 196-107 I 

" Z bar columns 186 ; 

EXPANSION, by heat 21 f 

EYE BABS, dimensions of 248 I 



FACTORS of safety for beams 22-28 

" " " " shafting 233 

" " " " struts 167 

FIRE PROOF FLOORS 137-139-142-143 

FIXED-ENDED steel or iron struts 166 

FLAT BAR IRON, approximate rule for beams of 110 

FLAT-ENDED steel or iron struts ' 166 

FLATS, sizes of rolled 16 

FLEXURE (see Deflection) 24 

FLOOR BEAMS 28 

lateral strength of 144 

rule for weight of 28 

spacing of 30-98 

weight per square foot 29 

FLOORING, fireproof 137-143 

FLOORING, proportioned for evenly distributed load 143 

corrugated, table of weight and strength 161-163 

" " " causing deflection of ,i^ of span 153 

trough-shaped sections for bridges and buildings 151 

Zbar 148-149 

FLUCTUATING loads, limitations for safe loads 22 

FORMULAE, approximate, for rolled beams 109-111 

for uDsym metrically loaded beams 114 

tables of, for beams of various sections 110 

FOUNDATIONS AND MASONRY 289 

FRACTIONS of an inch expressed in decimals S28 

FRAMING, of I beams and channels ... 252-263 
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PAOB 

GIBDEBS, coefficient of strength, rule for determining 124 

reactions for continuous 136 

riveted 123 

rule to find safe loads 124 

strength and weight for tables 125-1^5 

stresses of trussed 227 

supports and connections for ^06 

GYRATION, radii of 186 

angles » 204-209 

bulbangles 200-201 

cliannels 190-193 

deck beams 198-199 

formulae for various sections 216-217 

I beams , 186-189 

round columns 175 



square 



it 



175 



tees 202-203 

two angles back to back 210-214 

Z bars 196-lOT 



HALF-ROUND BAR IRON, sizes 

HEADS of rivets, dimensions of shank required to form 

HINGE-ENDED steel or iron struts 

HORSE POWER of shafting 



15 
261 
15G 
233 



I BEAMS (see Beams). 

IMPACT, stresses on beams due to 120 

INERTIA, moments of 180-184 

angles 204-209 

bulbangles 200-201 

channels 190-193 

combined sections 182-184 

deck beams 198-199 

formulae for various sections 216-217 

I beams 186-189 

rectangles 216 

tees 202-203 

Zbars IM-m 

Z bar columns 195 

INTRODUCTION to appendix 278 

IRON, corrugated 294 



LATERAL STRENGTH OF FLOOR BEAMS 143 

LATERAL supports, beams without 23 

LATTICED channel struts, safe loads 168-169 

«« ** ♦' separation of 194 

LATTICING for channel struts 165 

UMIT of safe loads for beams 22 



LOABS(inBireLoi>d>). riei 

LOGARITHMS OF NUMBERS S08-aJ7 

MASONRV, pbyitol propcriiMof malBrlnlBor asg 

MASONRY AND FOUNDATION'S 2SB 

MEKSDltATlON 33S-3J7 

METRIC CONVERSION TABLES sa 

METRIC SYSTEM 342 

MISCELLANEOUS SHAPES U 

MODULUS OF ELASTICITY U 

NITMBEKS, iqusres, cubes, etc, of HH-Xn 

NI,TS.>,<l,,Lns.si™ot 444 

NUTS, »le6ve, sltei of S4fl 

PAINTING 291 

PUYSICAL PROPEltTIESoriillofBaQdolhiTmetiitB jsT 



PILLARS, and woodca beams 3gg 

PINS AND NUTS, table of dlmenilonB g44 

FINS, shesciag, bending BDd bcuriDgralues of 2K-Hi 

PRESSL'RK, dealrucUve, tablMof . 158-163 

PROPERTIES ud clemeDla of aogla 20t-2oe 

bulb angles J(lCt-2lil 



PROPORTIONS of bolta . 



screw threads ...,'.,.. ^54 

separalori ^55 

working, for eonliauoua sbatling 134-;^ 

RADIUS of GYRATION of ingles 204-2M 

cbanneta 180-183 



SADIUS of GYRATION. paoi 

deck beams 198-199 

fonnulse for varioas sections 216-217 

I beams 186-189 

round columns . . .• 175 

square " 176 

tees : 202-203 

two angles back to back 210-214 

Z bars 196-197 

RAILROAD BRIDGES, specifications for 267-277 

REACTIONS for continuous girders 136 

RECIPROCALS of numbers 308-327 

RECTANGLES, moments of inertia of 215 

RESIUENCE of steel 20 

RESISTANCE of copper wire 340 

RIVETS, proportions of shank to farm head 261 

shearing and bearing value of 262-263 

sizes 15 

weights of bridge 266 

RIVET SPACING in angles 269 

RIVETED GIRDERS 122-135 

coefficient of strength, rule for determining 122-135 

rule to find safe loads 124 

strength and weight of, tables 125-136 

ROOFS 231 

ROOF STRESSES 228-230 

ROUND BARS, approximate rule for beams of HO 

sizes 15 

weights and areas 304-305 

ROUND COLUMNS, table of greatest safe loads 176-177 

" " radii of gyration for 175 

ROUND-ENDED steel or iron struts 150 

RULES, approximate, for moments of inertia 216-217 

for beams, bearing irregular loads 114 

" lateral strength of I beams 143 

" " '• " channels 144 

" radii of gyration 216-217 

" shafting 232-233 

" thrust of brick arches 143 

weight of rolled steel 21 

weight of steel in floor beams 28 



II 
II 



SAFE LOADS, coefficient for 22 

SAFE LOADS, greatest for angles 98-103 

beams • 22 

channels 94-97 

corrugated flooring 161-153 

deck beams 106 
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SAFE LOADS. pam 

I beams 30-03 

steel struts, tables of 158-163 

tees 1U6-1U7 

Z ban \(A 

SAFE LOADS, limito of, for beams n 

" " for struts, of angles, table of 172 

obannels 1C8-170 

I beams 166-167 

tees 173 

Zban 171 

SAFE LOADS, round columns 176-177 

square columns 178-179 

square pillars 286 

▼ooden beams 284-285 

SCREW THREADS, table of standard 264 

SEPARATORS, table of standard 255 

SEPARATION OF CHANNELS, in latticed struts 194 

SHAFTING, deflection of 234 

horse-power of 234 

iron or steel 232 

rules for determining sizes and lengths 232-233 

sizes rolled (see also Rounds) 15 

' stifihess of 238-289 

working formulee for continuous 235 

'' proportions for continuous 2S6-237 

SHANES required to form head of rivets 261 

SHAPES, miscellaneous, dimensions and weights 14 

SHEARING, strength of iron and steel 232 

SHEARING, bending and bearing values of pins 242-243 

and bearing values of bridge rivets 262-263 

SLEEVE-NUTS, sizes of 246 

SPACING floor beams of I beam sections 30-93 

SPECIAL ANGLES, weights of 12 

SPECIFIC GRAVITY, iron and steel 21 

SPECIFICATIONS for railroad bridges 267-277 

SQUARE BARS, sizes 16 

weights and areas of 804-305 

SQUARE ROOT ANGLES, weights of 12 

SQUARE ROOTS, cube roots of numbers 308-327 

SQUARE PILLARS, safe loads of 286 

SQUARES AND CUBES of numbers 808-327 

STEEL, analysis of 18 

columns, round and square • . 176-179 

ductility 18 

elasticity of rolled 18 

elastic limit 18 

expansion by heat 21 
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STEEL for beams 17 

" shafting 17 

" struts 164 

STEEL, modulus of elasticity 19 

physical properties of open hearth basic 18 

resilience of 20 

resistance to shearing 232 

" " torsion 232 

shafting 232 

sizes of bar 15 

specific gravity 21 

strength of 17-18 

" " in compression 18 

" " " torsion 232 

structural 17 

struts 156-163 

tensile and compression tests 18-156 

weight and area of round and square bar 304-305 

" of sheets of rolled 295 

" per lineal foot of bar 298-303 

STEEL BEAMS (see Beams). 

deflection of 24 

greatest safe loads for angles 98-103 

channels 94-97 

corrugated floors .151-163 

deck beams 105 

I beams 30-93 

tees 106-107 

Z bars 104 

STRENGTH OF STEEL ... 

in tension 18 

in shearing 232 

STRESSES in framed structures 226-230 

on beams due to impact 120 

STRUCTURAL STEEL 17 

STRUTS, factors of safety f or . . ; 167 

fixed, flat, hinged, round 156 

rolled 166 

tables of destructive pressures for 168-160-162 

STRUTS, tables of greatest safe loads for 159-161-163 

angles 172 

channels 168-170 

I beams 166-167 

STRUTS, tables of greatest safe loads of tees 173 

Z bars 171 

SUPPORTS and connections for beams and girders 108 

TABLE OF PHYSICAL PROPERTIES OF WOODS 282-283 
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TEES, approximate rule for strength of, as beams m 

as struts, tables of greatest safe loads 173 

dimensions and weights of X4 

elements of eren-legged 202 

" ** uneven-legged 203 

greatest safe loads 106-107 

moments of inertia 202-203 

radii of gyration 202-203 

TENSION 18 

of belting 235 

THBEADS, sizes of standard screw threads 264 

TIE RODS for brick aivhes 143 

TIMBER, physical properties of 282-283 

TORSIONAL STRENGTH 232 

TRIGONOMETRICAL FUNCTIONS 334 

TRIGONOMETRY 334-335 

TUBES, wrought iron 293 

TURNTABLES, dimensions and weights 240-241 

TURNBUCKLESi 250 

ULTIMATE LOADS FOR STRUTS 158-160-162 

UNITED STATES MEASURES 341 

WEIGHTS OF ANGLES 8-11 

bar flats 298-803 

bars, round and square 804-306 

bolts and nuts 266 

bridge rivets 266 

bulb angles 13 

channels 6-6 

deck beams IS 

flooring, corrugated 151 

floor-beams 28-29 

I beams 2-4 

rivet heads • 266 

rolled sheets 295 

tees 14 

Zbars 7 

WOODS, table of physical properties of 282-28S 

WOODEN BEAMS AND PILLARS 286 

WOODEN BEAMS, safe loads of 284-285 

WROUGHT IRON TUBES 293 

Z BARS, approximate rule for strength of, as beams Ill 

as struts, tables of greatest safe loads 171 

columns 196 

dimensions and weights 7 

elements and properties of 196-197 

flooring 148-149 

safe loads ]04 
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PLATE S 



OF 



STEEL 



SECTIO¥S. 



The dimensions belong to the least sections. Severtx^l 
sections of beams andthannels are rolled, whic/v are 
not shown in^ Ulhographs, Someparticnlars of these 
will be found in the tcthlts, or definite iTvforfncUixnv 

will be furnished on applicatitnv. 



Plate Kol 



All wei^s given in pounds per foot 



..<»0" 



24" 



3.43" ) 



No. Wit. 

242 B -90 LS8. 

243 D -fS LBS. Uor ol«en.ion. 

244 B -100 LBS. /m« pa<|«2 . 




7.42" 



Plate No.2 



All weights ^iveii in pounds per foot, 




24r 



3.25" 






No. W^t. 
240 B- 80 LBS. 



241 B- 



SSLBS.I 
f 



Fop Dimensions 
see p«^e2. 



1.14' 



7.00" 




Plate No. 3. 



All weights given in pounds per foot. 




86 



3.06' 



w 



. I 



No. Wgt. 

203 B-80 Lfts. 

204 B-8S LBS. 

205 B-»0 LB8. F«-Oin»«n- 

206 B-^ LBS. [p«g«2 

207 B'loo LBS 



6.75 




Plate No.4. 



All weights given in pounds per foot. 

' " if 




20' 



• ^ 



sd 



No. 

200 B 

201 B 

202 B 



Wgt. 
65 lbs. 

70 " 
75 • 




i» 6.85* 



Plate No.5. 



All 



w-eightfl ;Jiveii in pounds per foot. 




18 




No Wgt 

183 B-70LBS. 

184 B-75 LBS. 

185 B-80 LBS ^ 

186 B-aS LBS. iforDimen- 

187 B-90LBS. I page 2 



6.50' 




Plate No. 6, 



All weights given in pounds per foot. 




1 



I8' 



it 2.77* 



No. Wtt. 

180 B- 55 LBS. 

181 B-60 LBS. 

182 B- 65 LBS. 




Plate No.7. 



1... 

.69" 

1 ■ 



All Hreigbts jjiven in pounds per foot 



LIT" 



No. Wgt. 

156 6- 70 LBS. 

157 B 75 „ 

158 B 80 .. 



# 




---I 

1 



No. Wgt 

154B-60LBS 

155 B-65 « 



15" 



2.81' 



.73' < 6.17' 




15' 



30' 



6.443' 



^ 





Plate No.8. 



All yreiffita ^iv^en in poundis per foot. 



.46' 




No. W^. 

152 B-50LBS. 

153 B -55 •• 



2.67' 



13 



J58' 



No. Wgt. 

I50B'«LBS 
151 B-45 . 



*■- 2A46' ■■-' 



15' 



.51" 



5.50 



^- 



L 



-5.«2V 



.«w28" 



^ 



Plate No.9. 



All weights ^iT-pti in pounds poi* foot. 




No. W^. 

122 B-<40LBS. 

123 B-AS L8S. 



2.4IS" 






Ig" 



V 



,52 



5.25 




2J 



24" 



aN 
I2C 



S.325-" 



c 



lo. W^. 

120 B-3I.S L8S. 

121 B-35.0 LBS. 



y 



V 



iw" 




?r 



6" 



Plate Ko. 10. 



All Hrei^hts given in pounds per foot. 




No. 


W^t. 


125 B - 


55 lbs. 


126 B - 


60 . 


127 B - 


65 . 



IH 

"v 



«.&•&- " 



12' 





lo" 



.so' 



6.75' 



!^- 2.Vf\ 



No. 
M 102 B 
103 B 



Wgt. 
35 \bs\ 

40 n 



1 ...<54" 




.26' 



»-- 



5.0O- »i 



PlaleNall. 




Plate No. 12 



AU wei^tfl ^iiren in pouxids per foot. 




No. W|t. 

60 B-I2^5 LBS 
6f B- 14.75 LBS 
62 B-I7^S LBS 



e 



I 



6" 





\ 



fS^^T^"'^ 



No. W|t. 

50 B-9.75 LBS 

51 B-I22S LBS 

52 B-MJ5 LBS 



i 1 1.39S* • 

31' 




3J3' 



3.00 




No. Wgt. 

80 B -18.0 LBS. 

81 B-20.5 LBS. 
S2. B-23c0 LBS. 
83 B-25.5 LBS 




\-i 



N 0. Wgt. 

70 B-iiO LBS 

71 B-17.5 LBS 

72 B-20X) LBS 




4JD0'' 



Plate No 13 



All w^ei^htA ^ivpn in pounds pei* foot. 




Na66 B 
WT. 23.9 TO 27.7 



V *' 



2 la* 



4. 73 





•ISM" ' 



No. WJ;^ 

40 B - 7.5 LBS. 

41 B-8.5 LB& 

42 B-9.3 LBS 

43 B - las LBS. 





No. Wgt. 

30 B>5.5 LBV 

3 1 B- 6.5 LBS. 

32 B- 7.5 LBS. 




2.M' 



8.33 



Plate No. 14. 



All weights given in pounds per foot. 

NO. 157 C 
WT. 33.0 TO 31.0 LBS. 



IS' 



No. w^t 

150 C -3S LBS. 

151 C-33 . 

152 C -40 . 

153 C -45 . 



.40' 

32 



3.00" 





.90- 



3.40 



IS" 



.SO" 



40" 



3.00' 



3.40' 



~^ *.40- 49-' 



No. w^. 

154 C-SD LBS. 

155 C -53 . 




.63" 

8 



*•—< 




^40" 



^.37' ' 



IS' 




Plate No 15 



All weiglits ^iven in pounds per foot. 



No. Wgt 
120 C-fo.s LIS. 
I2IC-2S.0 . 
122 C- 30-0 n 



.28'; 




2.66 - 



No. 130 C 

WT. 3I.9T0 4«.5 LBS- 



IS" 




i**] 



.28* 

32 



f 




2.94 



38" 

3' 
ft 




.12' 



.•/.. 



"r .34* 



No. WJt. 

123 C- 35 LBS. 

124 C- 40 1 




3.00' 



No.128 C 
WT 20. 5 TO 32.0 LBS. 




12' 



2.61" 



Plate No.16 



All weights giren in pounds per foot. 

* .-a.9i* 



,36*: 




Z/k^' 




m 

\ 



io* 



It***" 



.24" 

.a 



.46" 



fi^ 



No. Wgt. 
102 C -25 LBS. 

103 C -30 . 

I04C-35 . 




No. Wgt. ' 

100 C-15 LBS. 

101 C-20 • 



10 



..V 



2.72" 




No. Wgt. 

92 C - 20 LBS. 
93C-25 « 






2.20-?' 



•^3't-g-. J 




No. W^t. 

90 C-1325 LBS. 

91 C -isoo - 



3J0O 







NO. 95 C 
WT. 20.3 to 28.0 LBS. 



^A 



9' 



Plate No. 17. 



All wei^tH ^iveii in pounds pex» foot. 



.l3-< 






a?\ 


No. 


Wjt 


80 C- 


11.25 LBS f 


81 C- 


13.13 n 


^ 


2.04" 






»n 



< . 2.2«" 




No. Wgt 

70 C - 9.7S UBS. yi^. 

71 C-12 25 - 



1.8a' ; 



.«•: .•£; 




♦ t.o» 



8' 



7' 




No. w^t. 

8? C-W.29 LBS 
83 C -18.75 N 
84C-«i.fs » 



2.22- 



.^t 



.a-: C 



9 






2.55 




No. w^t. 

72 C - 14.75 LBS 

73 C- 17.25 . 

74 C - 19 75 . 



2J0' 



.^ 



iS'l 



•J^ 



V8' 



2.4fi' 



8' 



7' 



Plate J^o.18. 



All iv^ei^hts ^iven in pounds per foot, 




!*«■ 



.«T" 



JiS- M'l.l^ 






.12' 



Uf 



m' 



■ •.jgft 



17 C-I.I3 



NaW^ 

20 C-S.9 

21 C-3.6 



• 25r E 




1v 



2V 



i?«' 



1.37" 



No. W|t 
22 C-3.* 



17'; 



t^C 3' 



i.ev , 



< L4r < 

NdW^t 

30 C-4J) 

31 C-&0 
J2 C-M 



•>• 




No. W^t. 

40c-y«jj,.. 
42 C-ras 



m c 



4' 



•.ll* 



1.58 




1.7S 




.a«! 



NcWgt. 
60 C- 8.0 



i.7r 



.«0" 
"/•4' 



■ .49* 



1.92 - » 



.«• 



No W^ 

62 C-13.0 
63C-IS.S 



L87' 



JU' 



tT 



L« 




2p 






N0.65C 






WT. 15.1 


L»S. 








.35- 


i-i 






% 




f ■ ■ 


.. 3 13' 


1 




i 




.^ 


, 



L_ 








•'*1 






N0.6«.C 






WT. 17. i LM 






.41' 


►--• ( 




^V 




4 ■ ■ - ■ 


3.IS' 


h 


d 


tf- 





.34' 



•ST* 



6J4 



2a4" 



3.50* 



3.58' 



Plate No. 19 



All wei^tfl given in pounds per foot. 



5lV 



10' 




IT 



No.lOO D 

WT.tt.OT03e.6LBS 




No 90 

WT.2SJ)T0S2.6 LBS. ^ 



Jpits 



9" 



* 



No. 115 D 

WT.au TO 45w S LBS. 



n^' 




Plate No.20. 



No. 80 D 

WT.21.0 T9 2«.8 LBS. 



8" 




3 V 




No. 50 D 

WT.II.AT0I&81BS- 






.JL 




1^" 




All Ysrei^ts given In pounds per foot. 

ic. 4^ i i* ----4V 



No.70 D 

WT. 18.0 TO 246 LBS. 



!«- l%f 1 



33/4" 



No. 60 D 

Wt,M3TOi0.6LB8. 







y- VAr' 



.«— >! 



TT- 





6" 



y. 



Plate No. 21 . 



4" 



All weights ;^ivpii in povuida pen foot. 



8* 



-x 



ai" 



isr 



■&' 



&' 



J 



S2 



4' 



hf 



L-y 



16 



No.80 A 

10.1 TO 16. 4 LBS. 



No. 90 A 

WTf2.*T0«2.ALM. 



10- 






No. 100 A 

WT.3«.2T0a8.SLB<. 






PlateNo.22 



All weights ^iven in pounds per foot. 



!<•• 



a' 




No.50 A 

WT. lai TO l&A LM. 



6' 




IT 



No. 60 A 

WTI&tTOIZa LBf. 




^*v 



I' \H- 



1^' 



■» r 



3i" 



..« 




7" - 



Np. 70 A 

WT. !•.« TO tl. • kM. 



m- 




il- 



.1 



Plate No 23. 



All weifPits ^iven in pounds per foot. 



No 440 T 

WT. I0.« LBS. 







9^t' 




No 441 T 

WT a.7 LBS 



3Vf 




SV 




No. 336 T 

WT.9.0 LBS. 



S^' 



*^ 




No. 337 T 

WT. II. LBS 




No. 335 T 

WT. 7.0 LBS. 




No.930 T 

WT ft. 5 LBS. 



64 



3' 




•„,•.. . 




Th' 



■i . 



No. 331 T 

WT 7. 7 LBS- 



... y 

227 T ^' 



No 

WT.Ci LBS 



is 



fv,' 



i 



No226 T 

WT S. • LBS. 




All, weights given in pounds per foot 




ID 



H NgSeZT 



3} 






^!?f=' 



Plate No 25 



All weights g'iren in pounds per foot. 




N0.47T N0 48T No4S T 
WT. 11.4 LBS. **T. 15.8 LBS. ^ «♦• iH 




3* 



N0.44T 

WTIOf LBS. 



N0.42T Na43T 

WT. « 5 LBS. WT ft.O LBB^ 




I u 



No. 39 T 

WT.a.5 LBS. 



*... 



♦^ 




N0.36T 

WT. 9.S LBS 



No. 38 T 

WT 7. LBS, 



u 



PlateNoiG. 



All weights j^iven in pounds per* foot. 



No25 T 
WT.3.3 LBS. 



No.23 T 
wr.3 LBS. 




No. 20 T 
WT t.O LBS. 



N0.28T • ^^^S/ 
WT. •.« LBS. ,.?! ! *] No. 18 T 

* ' WT.3.S LBS. 



N0.3E T 

WT.S.O LBS 



No. 17 T 
WT. I. f LBS. 




Ne.3l T 

WT. 5.0. LBS. 



•I 



24' 




ivj" 



i-¥ No. 15 T 

7 if WT. 1.4 LI 



LBS. 



IV 



No26T ** 

WT.5.7. LBS. 



if 



No. 12 T 

WT. 1.2 LBS. 



V\BXeNo.2l 



All weights ^iv^n in pounciB pei* £oot. 



fkmJBBAA 



NoaiSaOA 




Nc«665At»669A 



NM€60Ato664A 



WT. 14. 8 

TO 

24. 4> 



NOS.S50 A 10 SSd A 

WT. I2.« TO 29. A 

Nos:440Ato447A 
nrcs.a.TO ia.e 

Ho«350Ato355A 

WT. 7. I TO 13.7 



Plate No58 



All weights given in pounds per foot. 



Nos.330Ato336A 3^ 

WT.4.Q TO II .5 




Nos,275Ato279A '^_ 

WT 4-. 5 TO 8.6 



NoS.250Ato255A ^ 

WT. 3. 1 TO 7. 8 



Nos.a25Ato228A ^ 

WT.2.7 TO 5.4 



y^o^* 




", !/_■» 



3i«taV^ 





^"tO%* 



No$220Ato223A c^' 

WT. 2.5TQ 4.8 




Nos.l75Atol78A 

WT.2.1 TO 4. I 




^"toSNB" 



Nos. 150 A to 1 54 A 

WT.1.2 TO 3. 5 




Nos. 125 A to 127 A 

WT, 1.0 TO 2.0 




Nos.llOAtoli2A 

WT. 0.8 TO 1.3 



^^"loy* 



Plate No. 29. 



All weights jjiven in pounds per foot. 



No&B64Ato 

WT.33.8 TO 



Nos.d60ATod63A 

WT.23.0 TO 31 



Nos.730Ato738A 

WT. 17.0 TO 32.1 



NosfiSOA 

WT. 18.9 TO 



No9.640Ato649A 

WT. 12.2 TO 29.4 



Nosfi30ATo639A 

WT. 1 1.6 TO 26.6 

Nos300Ato504A 

WT. II.O TO 17.9 

Nos540Ato546A 

WT.II.OTO 21.3 




Plate Na 30. 



All weights given in pounds per foot. 



Nos.510Ato517A 

Wrr. 8.7 TO 20.'0 



Nos.530Ato537A 

WT.8.2T0 18.7 



Nos. 450 A TO 457 A 

WT. 7.7 TO 17. 4- 



Nos.410Ato417A 

WT.7.7. TO 17. 4 



No5. 430 A TO 435 A 

WT. 7. I TO 13. 8 

Nos. 300 A TO 305 A 

WT. e.6 TO 12.9 



"to ^4 



<Vie'to^4" 




•tofi/a" 



No«.3I0Ato3I4A 

WT.4.8 TO 8.4 

No«3l6Ai«di8 

W.T4.5T0 8.e 

No&325Ato329 

WT.A5 TO a 

Nos.320Ato324A 
irr,4.i TO 7. 8 




No<.200ATo2a5>l 

WT. 2.7 T0T0.+ 



tote" 



«/«• 



Nos.206Ato209A^ 

WT. 2,3 TO 4. 4.+^^ 



»o Vz' 



No8.2l5ATo2r8A< 

WT2.IT0 4.8 ^^ 



♦ ■v 



No&2I0Ato2I3A 
WT 1.8 TO 3.9 



5tftoV 





^\o»/fl' 




5IWl»^* 



Plate Ko. 31. 



All w^ei^hts iJiT^en in poiuida poi» foot. 




No. 40 A 

WT.d.6T0 16.2 
LBS. 



No. 35 A 

WT. 7.1 TO 11.4 LBS 

No.dO A 

WT.4.a TO 8.4 LBS 



No.ZBA 

Wr.4.fi TO 6.9 



No. 25 A 

WT. 4.1 TO 6.2 LBS 



No. 24 A 

WT 5. 6 TO 5. 4 LSa. 



No. 20 A 

WTS.3 T,0 4-8 LBS 



No. 18 A 

WT.Z.8 TO 4i4 LBS 



No. 15 A 

WT 1.8 TO S.O LBS 



No. 12 A 

WT. 1.5 TO 2. 5 LBS 



No. 10 A 

WT. 0.8 TO I.S LBS 



Plate 1^0.32. 



All weights gi\iBii in pounds pei* foot. 



No. 22 A 

WTa.4.T0 4.8 




N0.278A 

WT. 4.2 TO 6.4 




LBS 



No.23A 

WT.2.6T0 5.3 
L08. 




Na26 A 

WT.30T0 8.I 
LSS 





Na4l5A 

WT. 3.6 TO 4.9 
LBS. 




No. 27 A 

WT.4.4T0 8.8 

Laa 




No. 33 A 

WT. 4. 8 TO /, 
11.5 1MB. 



No.217 M 

WT. 80 LBS. 
.Area 14(7 



C- 




Plate No.33. 



All weights given in. pounds perr foot. 



3»/t- -- -i 




No«. 66-67-68 Z 



Nos. 63-e4.*65Z 

WTf. 22.7-21.4-21.0 



N08. 60-61-62 Z 

WTS. W.«-lt.J-tl.O 



sy*.' 



! 









,■ 3^:; 



^1 



d 



_/' 






t>..i 




N06. 56-57 Z 

WTS. 23.7-2 S-O 



No8. 53-54-55 Z 

WT5. 17.8-20.1*22^ 



Nos. 50-51-52 £ 
wrs. ii.4-i3.a-iflLi 






33^6 1 



vy- 



i 






.2 7/8".. 



3' 






e 



%6i 

4''; 



--J 



£S 









I, 



gfci^ 



^- 



I I 



t4'/«" 



Nos. 46-47-48 Z 
WTS. l&6-SO.0-22.f 



No*. 43-44-45 Z 
wra. IS.S-IS.&-IT5 



1 2"a1» 



No3. 40-41-42 Z 

WTJ. 7.f-f.f-JI.« 

■2^4" -» 




!-2V- 




Nos. 33-34-35 I 

WT«. ll.l-IH-12.7 



3" SVa' 



Nos. 30-31-32 Z 
WTt. 6.6-aJ-iO.O 



Trovigii Stkaped Sections 
for- Corrugated Flooring 
All wpijjiils given in pounds ppi' Pool. 





Plate T^ a 35. 



METHOD OF INCREASING 
SECTIONAL AREAS. 

Cross hatched portions Tepi^escmt the jniniinuTii 
sectioDK and. the blank portions tlie added areas. 
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